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ABSTRACT 

The compoiltlon of an avtllUr;- aystam and Its miaaIon In a non- 

nuclcar envlronioant la dlacuaaad.    Four »canatloa ara daflnad in which 

tha artillery system must perform Its mission,  and the tasks are 

detailed. 

A concept for a measure of effectiveness  (MOE)  ^or artillery la 

developed and a methodology It prcaentad.    Tha effecta of tha scenarloa 

on tha HOE are analyzed and the constraints ara dlscuaaad.    A mobility 

concept Is developed and a definition la praaanted, 

Costing concepts and technlquea are preaantad with notation 

developed for computer application to the artillery system coating 

problem.    Some cost estimating relationships  (CER's)  are suggested. 

A cost-effectiveness analysis is made employlne the developed 

MOE and costing procedure.    Some decision criteria ara atatad and 

discussed. 
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I    INTRODUCTION 

1.1    DEVELOPMENT OF ARTILLERY 

The «tandard U.S. «rtlllery weapons In September 1945 con.i.ted 

of «ven towed howitzer., two towed «un,.  three .elf-propelled (SP) 

howitzers,  one self-propelled gun. one self-propelled mort«. on. heavy 

«ortar.  two rocket weapon,,  and three high ,p.ed tractors.    Today the 

U.S. Army ha. nine Standard A field artillery weapons, excluding 

antiaircraft gun» and artillery guided «Is.Ue systems.     If it „ere 

technologically feasible, there are advantage, to reducing the length 

of the artillery weapons list even more.    Fewer weapon type, reduce 

the logistic loads and training requirements.    However, no two or 

three artillery pieces have yet been designed to successfully fulfill 

all the roles called for in an artillery system. 

Specifically,  artillery must be a flexible, mobile system capable 

of varying Increments of firepower against all the varying targets the 

supported infantry units are likely to encounter in an engagement. 

On the offensive,  artillery must provide preparatory fires to soft«, 

an objective immediately prior to an assault.    H on fhe defenslvef 

artillery must-provide final protective fire on all avenues of approach 

into friendly positions, and fire  into friendly positions  in  the event 

of enemy penetration.    Once the enemy attack ha. been blunted, 

artillery must be capable of pursuing the fleeing enemy by fire, and 

capable of providing high angle indirect fire against target, on 

rev.r.e-.lope terrain, i.e., hit  targets on the far side of  the mountain. 



If enemy ertlllery fire 1. brought to beer elelnet friendly poettlon., 

friendly artillery muet provide Inudlet« eounter-bettery fir«, to 

.Hence enemy gun..    Le.tly, ertlllery muet provide interdiction end 

herr.«.ing fire, to dl.rupt enemy coBBunlcmtlone, iupply, movement, 

end to reduce enemy morale. 

Current heavy weapon, de.lgn.d for long rente Interdiction and 

counter-v«ttery fire, cennot elevate .uffidently nor fire rapidly 

enough for the .hort renge. indirect, high volume of fir. »quired 

egaln.t large concentration, of enemy troopa In the Knediat« vicinity 

of the forward edge of the battle area (FEBA).    Llkewl.e, the 107« 

aortar 1. «.,!«.. agaln.t target, requiring the renge or the penetrating 

power of the eight-inch projectile. 

Table  1.1    ARTILLERY WEAPON TYPES,   1945 AND TODAY 

Total Number 

—aau— Wir im JLißLL Batu caühaa 
US Armed Force.  1945 17 5 29 ft ' 

US Army  (Standard A) 9 4 44 3 

ÜSMC 6 3 50 4 

^■cl«dlag    «rtlllery guided ml..lle .y.tem.. Table 1.1 reflect, 

the trend toward the .tr.amllned, highly mobile, partially hellcopter- 

tran.portabl. lnf«try-.upportlng arm. .y.tem.    Airmobile artillery, 

«Phlblou. artillery,  and artillery capable of aignlficent Increa.e. 

In rate, of fire and range, are current item, of priority lnft«re.t end 

development.    [5.  13,  17, 231    Although field ertlllery fire control 

procedure, remained unchenged for aever.l decedee,  the Introduction 

of new and better fire control equipment .Inee HW II hee improved 

coordination and effective delivery of ertlllery fire.    Penoramlc 
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telescopes «nd other conventional aiming device» have been made more 

accurate and easier to operate.    Radar and other electronic means are 

used whereby forward observers  can more accurately determine range 

to  the target.    The space age is Influencing artillery development 

by Introducing new techniques for geographically locating weapons and 

targets in the field.    Many other slgnificani: advances have been 

registered, one of the more Importait being the development of mobile 

electronic equipment to automatically compute f'.re order».    IU, 20] 

The trends have been established.    The artillery aystem of the 

future will liksly be built around a few highly mobile,  light-weight 

weapons capable of a rate of fire several time» that of today. 

Automatic loading and computerised fire control systems will make It a 

more formidable supporting arm Indeed. 

1.2     ROLE OF ARTILLERY IN THE  SOPPORTIBG ARMS SYSTEM 

As the artillery system of the future is developed, it «hould be 

designed to be fully integrated with the other major »upportlng arms, 

naval gunfire and close air aupport.    The complementary blending of 

these three systems will,  to some extent, mold some of the features of 

each  co-system.    In a combat  situation, comparative capabilities and 

limitations ought to be kept in mind when selecting the ordnance 

delivery means.    This same prlnclr.a applies  to the development of any 

one  of the three systems as well.     If a new artillery system is being 

contemplated which can attack targets at ninety kilometers, naval 

gunfire and close air support should be considered as alternatives 

in any comparative analysis in order to arrive at a truly efficient 

supporting arms system. 

11 



ArtllUry 

Figure  1.1    THE SUPPOtTING ARMS SYSTEM 

Slnct th« artillery lystwi li a componrnt of eh« support lag anus 

•yaüem, care should be «xercleed that the capabilities of any other 

component are not unnecessarily duplicated. 

1.3    THE ARTILLERY SYSTEM 

What comprises an artillery eabsyete«, which shall be referred to 

as   simply an  artillery aystamt    Figure 1.2 gives some indication. 

Not all of the components shown exist wholly for artillery, but a 

significant fractional value of the expended effort goes in support 

of artillery.    For example, base facilities may house infantry,  tank, 

and othar units, but some proportion of expenditures of dollars  for baae 
'i 

maintenance and upkeep are directly or indirectly attributable to the 

presence of some or all of the artillery system conponants. 

Helo 
Unit« 

Coran 
System 

Security 
Forces 

Artillery Batteries 
(Wpna.  Veh., Equip.) 

1 
USMC 

MainCaaancs       Landing 
Dappta Force 

Development 
Center 

Operating & 
Support Personnel 

Ship-shore 
Amphlb. Vehicles 

Ballstic 
Resesrch Lab 

Fort 3111 

Figure   1.2    COMPONENTS OF AN ARTILLERY SYSTEM 
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At W two q«..tion. pr„.nt tlwu.lv,..    Wh« proportto» of tb. 

•upportlng co^pon-nt effort .ctu.lly gp« i„ iUpport cf th. mlll-ry 

.y.t.n., md ho» »• th. co.pon.pt .ubco^onwt. d.fln.d7    If th. 

..cond ^.tlon 1. pur.u.d to th. «d, th. ultiMt. ^compc^t of 

Sub-     \      / sub-   \    /Sub-      x 
/ Component \ / Co^lponent\/co■lmnnan^ \ 

'    ' >   /  >  I >*)   )   i  ) >*)  >   ) I  ^ , ! 
NATIONAL RESOITXES 

Figure  1.3    SYSTEMS AND SUPPORT COMPONENTS 

.11 .y.t.«., ., th. flgur. abov. indict«. 1, th. pool of n.tlo«.l 

«.our«..     For .1-pllflc.tlon. only co.pon.nt. dlr.ctly .upportln, th. 

«tULry „„u. .„ u.u.Uy con.lder.d.    Co.tlng of th. .upport ccpon.«. 

«d of the artillery unit, .hould b. don. .. accur.t.ly .. ttB,. d.tall| 

and good Judgment permit. 

The ««.r to th. flr.t qua.tion My be .v.ll.il. from hl.torlcal 

.ourc... provided fut.r. r«,«lr.«,at. do not dlff.r too gro.tly fr« 

P..t .xp.rl.nc.    Probl«. of u.r.ll.bl. ..tl^tton may b. .„couat.red 

If extrapolation, .re carrl.d beyond tne rm8. of pa.t data.     For 

example, th. number of required helicopter sortie, per artillery unit 

P.r unit of tim. in th. future may b. approximated by  careful  «.lygls 

of the .rtill.ry unit's op.r.tions from p.,t equal units of time. 
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Hev.v.r, if total nu«b«r. of «tlllirjr unit! »W. dwAU*. » fch. •y.t« 

1. pr.p.rlng to op.r.te In « envtwnwnt lit «hie» It Mt ft*«* «ptr.t.d 

fc.£or., of If «i .„tl«ly ntw tttllUty lyttM vtth dlff««nt Uglttlet 

and mobility r«q,iir«id«,t. 1. «bout to b« phMad In, past oparatlenal 

requlraments for helicopter« In the old system nay bear no or little 

relation to the new future requlramenta. 

A skeletal exanple of a basic artillery system Is the field 

artillery regiment of the Marine division.    The artillery regiment Is 

the primary source of fire support for the division and Is currently 

composed of the basic elements shown in Pigure 1.3 with specific 

support unit, omitted,  such ,. axternal  logistics support, helicopter 

support, medical support, Marine Observation Squadron support, ate. 

1.4    CONCEPT AND  SCOPE 

The purpose of this paper is  to develop a technique whereby the 

efficient, optimum selection of future alternative artillery systems 

Is possible.    A« mentioned, an alternative attlllery system is the sum 

total of all the specific numbers and type, of equipment, weapon., 

and peraonnel which 1. proposed for implement.tlon a. the operational 

unit.    A propoaal utill.lng only on. type weapon would be an alternative. 

A ,y,te» la which the 105mm howitaers were to be replaced by newer 

models of 105'. Is a different alternative.    Yet another alternative 

would be a sytem which .imply add. one «ore battery of a current type 

weapon to the ay.te».    Finally, the system In being is an alternative 

against which all proposed alternative, will be measured for effactlve- 

ness and cost. 

14 



ARTIUERY MGIMENT 
MARINE DIVISION, THf 

U«adquart«rt Battery 
(Connand «nd Control) 

C«n«r«I Support Battalloa 

Dlnct Support Battalion 
1 

a-    I 

1 

DIRECT SUPPORT ARTILLERY BATTALION 
ARTY REGT, MAR DIV, Bg 

Haadquartara Battary 
(Conmand and Control) 

[Q 

107iiiiB Mortar Battary (Touad) 

lOSmm Howitzer Battery 

X^ 

GENERAL SUPPORT ARTILLERY BATTALION 
ARTY REGT, MAR DIV, FMF  

_J 

Headquarters Battery 
(Connand and Control) i 

ZL 
155iim Howitzer Battery  (SP) 

Figure  1.4    MARINE ARTILLERY REGIMENT 
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One« two or nor« «Ittrnatlvas an propoa«dt Including tha praaont 

•yatan, an afflclant and htfpafully optimal ayitam can ba choaan. 

An afflclant artlllary «yitaa It one which Infllcta no fawar than a 

praactlbad nuabar of eaaualtlat against a glvan nuabar of targata In 

tha various scanarloi, and Inflict« thoia caiualtlaa at tha axpandltur« 

of lai« national raaoureaa than any ojhar faaalbla altarnatlva. 

A faailbla altarnatlva It ona which aaata all tha cenatralnta. 

Figur* 1.4 shows aon* ralatlonahlpa of al» altarnatlva*.    Tha curva 

raprassnt* th* frontier of maximum attainable nuabar* of caaualtlaa 

par angagament for a given budget.    Of th« alx altarnatlva* shown, 

alternative* three and four are Infaaalbla since they do not meat tha 

conatralnts.    Alttirnatlvas six and two are feasible, and ona and five 

are efficient et different budget levels.    Systas five le optltma* for 

the Indicated minimum casualty level. 

Nunbar o 
Casualties 
per 
Engagement 

f      ♦ 

mslQum Caaualty Lsvel 

Bmaxlmum Co,t 

Figure  1.5    CASUALTIES PER ENGAGEMENT VS ALTERNATIVE SYSTEM COST 

lNot necessarily a unique optimum.    Multl»cptlma may exist. 
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;;.' *'.■■',: vK.'f'Mfr- ■:- ■^•^■■■ir^S?* vH^^f 

To Äccoraplith thm go«! of MUetlag m optlmmi «fflciant «lt«m«- 

tlve it !• MCMaAsy to r«stat« tb« aiaslon and tuka of «rtlllary. 

Tha minion and taaka muat ba parforaad In varyini gaoiraphlcal and 

cllmatologlcal condition! which will ba daflnad undar tha haadiug «£ 

Scanarloa.    Scanarloa will hava an Influanea no« only on tha affactlva- 

fiaii» and coata of tha artlllary ayataa In infllcttnt caaualtlaa, but 

will also affact oparating and ulntananca coata »ad attrition on tha 

aysten. 

It would ba well to reduca tha alaalon and taak ta^ulrananta to 

a aeasurabla axpreaaion which will truly conpare altarnatlv« ayatmu 

and aid In aalacting an eptlnun or afflelent solution.   This ta tha 

purpose of the statement of the criteria for this papan    Of tha 

proposed alternatives which are able to Inflict tha mlnlnua prescribed 

nuaber of casualties against A defined target» select that aystam 

which hai> minimum non-angagoaent system cost and Incurs nlainum variable 

cost per casualty par anga|event. 

Finally, the coat data and affectlvenaas data of tha alternatives 

must ba compared and evaluated for a unique optimum solution if one 

exists.    Otherwise, trade-offs among equally efficient alternatlvea 

will be compared and a solution obtained based on some additional 

decision criteria. 

In attacking tha problem of finding a procedure for selecting tha 

efficient artlllary ayataa, two simplifying aaau«ptions or reductions 

of the problem have bean mada.   Only tha artillery sysc« is conaidarad, 

and the interplay of naval gunfire and eloae air support with artillery 

17 



hiv« b«M «xeludtd.    Sacwdljr» th« icmariot put uid« artllUry'i 

nucltar eapabllltr «nd Iti laplleatloni of cMtral «ar and thua 

eonaldar only eemrantlmal otdnanda, 

1.5     SmWART OF COKCUWIOKS 

Tha avolvlni artlllarjr ayatam of cha futura will ba a aophtatlcatad, 

highly mobiU, and eoaputar-aaalatad array built around fowar waapen 

typaa.    Tha oatbed of ■Inimlalng anpaesad variabla eoat par eaaualty 

and non-angagamtnt •yatam coat, whlla naatlng minimum mobility and 

eaaualty eooatralntt. Mill aalaet tha daalrad altaraatlva.    Oatallad 

coating c^rleaa of proaant battary typai ulU ba raqulmd In dawloplng 

eoat «atlmatlng ratatlonahlpa aa alda In daalgnlng and aatlmatlni soata 

of futura waaponi, 

1 .6    PLAN OF THE STUDY 

Tha problam addraaaad by thla papar l(i    Daflna a maaaura »f 

«tfactlv^iaaa and conatruet a coat-aff«etl«anaaa medal for avaluatlng 

and aalactl^g from among futura artlllary altarnatlvaa. 

Tha plai^ of thla atudy la flrat to daacrlba tha job that la 

raqulrad to ba dona, or mir  '.on of artlllary, and tha anvlromaanta 

In which thla Job may raaaenably ba axpaetad to ba aecemplUhad.    Prom 

thara thla papar will dlacuaa affactlv«naai for m artlllary ayatam and 

how to maaaura It, Including tha affacta of the oeaaarloa on tha 

artlllar> ayatam, and will praaant a maaaura of aftaeelvtnaaa to 

««cut« ^ afflelmnt ayatam.    Naxt will ba dlteuaaad tha eoatloi problam. 

ccatlng matrieaa for praaant artlllary battary typla, and tha öawalop- 

mant of coat aatlmatlag ralatlonahlpa.    Finally, coat and affaetlvanaaa 

will ba comparad for tha aalactlon of tha optimum altasnatlva.     Included 

will ba a dlacuaalon of alternative dacialon criteria to be utiliaad In 

tha avant of multi-optima altamatlvaa to tha artlllary problam. 

18 



II   MISSION AND SCEN^vIOS 

2.1    DISCUSSION 

üiUJW    Th« prlury «rtllUrr ty«caa mlcilon it to "provide 

clot* and contlnuout tupport to (round forcet hy neutralizing or 

dtttroylng thoat targata which conttltuta tha nott terlout thraat to 

th* tupported unit".     (31    Such tupport Includat  counterbattary fire, 

attack of «Moy raaarvaa, raatrlctlng «nany mvanant, dltruptlng 

anaay conmand ayttemt and tha daatructlon of othar aneny Inatallationa. 

To cenpara alternativ« tytttm* for thla mlttlon It It naceatary to 

further tpeclfy the particular turrouodlngt or «nvlronnent In which 

th« tyttea nay likely operate.    The epeelfled ar«4 may inpoae additional 

«qulpment or «upport re^ulrenentt on the tyatem, and cooalderatlon of 

It lenda to a more reallatlc evaluation of the «yttem. 

Scenario«.    Til« environment in which the tyttam muat operate and 

In which it is detlrabl« to evaluate the tyatem la called the «cenarlo, 

Contlderatlon of the tyttam operating in variou« tcenariot la an 

attempt to compenaate  for the uncertainty of the exact location in which 

future a-.tillery tyetem operationt are likely to occur.    Figure 2.1 la 

a repreaentatlon of the tpecified mlttlon and the tet of environaantt 

or tcenarloa in which tha mlttlon may btt performed.    Two primary 

raatont come to mind for «xamlning th« tyttam In the light of a 

particular tcenario.    One la to determine the phyaical e'fecta of the 

environment on the operation and malntanenc« of tha tyttam.    The aecond 

la to determine the effect! of the taviroament on hitting tergeta and 

earning cetucltlet. 

19 



MISSION 

Figure 2.1 

Pome of th« tcmtrlo eharsetarlatlci which ecu*« phytleal «ffccti 

on the tyttan arc ttmptraturt, humidity, dust, and tandt    thty affact 

the Ufa expectancy, attrition, operating eetti, and oalnteniBce eyelet 

of the eyetem.    Producing catualtlea on the target will ha affected 

by the ability of the target and the artillery ayatem to «eve In the 

■cenarlo, the ability to accurately locate on the ground both the 

artillery waapont and the targat, and the ability to aa* the target 

to adjuat fire en It.    The preaence ard amount of land and/or vege- 

tation mask nuat be eenaldered alnce It will Unit, aowwhat, the 

typee of artillery waapont which will have the ability to fire on the 

targat. 

Four tcenarloa are uacd In th<t oapar.    Theae are labelled the 

Ideal,  the rain foreat,  Che deaart, and the mountain tcenarlot. 

Th« naxc uaual davalopaant In a coct-rffactlveneaa ttudy la to detail 

the ac«narlo.    Here tuch detail would preecrlbe exactly the temperature, 

humidity,  -all typaa, vegetation typet and coverage!,       aaatonal 

varlatlont,       vegetation height«, elevation of terrain, alspe of 

terrain, etc.    However, th« taak la tufflclant for at leaat part of 

another report, and only the general characterlatlet are pretented here. 

20 



Th« geoaral ehntefrlttic» m «south fox th» monmat to <!.t«tniln« th. 

•ffecti of these ictnarloi on th* povtormmu» of thm artillery •yttem. 

TiflllM'    Wlthla «ach tcenarls «re m tet of task« which uuat be 

performed by the •yiten to accompllah itt minim.    Ttfk It here 

defined as the  type of target oa which the lyitem muat Inflict 

casualties,    A casualty le any enemy target rendered Incapable of 

performing Its combat function.    Figure 2,2 represents the tasks 

within each scenario, 

SCENARIO 

Figure 2.2 

Tasks are generally distinguished by personnel or non-personnel 

iargets and by hardness of target.    Hardness corresponds to the 

affective casualty producing radius of a particular bursting projectile 

ag»,lnst a particular target.    Each projectile will have a larger 

casualty producing radius against soft targets, and smaller radii 

against harder targets.    For example, consider Table 2.1. 
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T*bi« 2.1  momnteu. mancnut macnnKasi m 

naaxm TABCBTB 

Typ«, of ligatfg 

P«rtonne1 

Open,  itandlng 

Prona 

Foxhol« 

Stml-hard 

Hatarl«! 

Trucks 

Bulldlnet 

Hard 

Tanka,  aimorad vahlclaa 

Pill boMt,  relnforead poaltiona 

Counterbattery 

Cataalty PradtMl«« lattut mf 

25 

IS 

10 

10 

8 

S 

2 

2 

10 

Thl. hypothatlcal round could produca caiualtlai agalut troop. In fox- 

hole, at 10 «tar. or 1... fro« the bur.t point and could danac« 

certain building, 8 «.tar. fro« tha bur.t point.    Particular tarft. 

will often be mixed, troop, will be defending from within fortified 

po.ltlan. or moving «bout In armored carrier..    Per thl. rea.on It la 

«Kvenlent to reduc-, all tank., crew ..rved weapon., and a^lacment. 

tc their p.r.onß.l equivalent..    For example, conalder the above 

hypothetical projectile ^aln.t M anamy tank with a craw of four. 
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The t.rt«t would b. oon.ld.r.d m» OM fMMAMl tottaßt of fmr pwM». 

«nd « CMMlty prodttclnt radiut «f two «itori would be u»d to compute 

the expected number of round, required tc  iiUUct « obtain pcrcmtaga 

of pereoonel ceeualtia». 

2,2    SCENARIOS 

^i Fonilrr'    T2»» «T»  three jwlikclpel r«ln fax«« MXBJU In Che 

worlds    the African, the Awrlcea, «nd the Indo^l«lj^«n.    Th«M x*ln 

foreet. comprig» neerly on« fourth of the contin«nt«l lend ar««T 

Th« vegetation of thus area« 1. dominated by tall growth« of hardwood 

tree«, which in tun, inftuenc« comnunlctloM, <A««rv«ti«a, aovtrnxtt, 

and the «ccurat. mapping of th« area«.    Thage area« ar« ch.Tacüerlj«d 

by an annual average rainfall of over eighty inchet,  tne canopie« 

averaging over 150 feet high, and a variety of undergrowth ranging 

from none in th«! virgin rain foreat areaa to veritable tangl«. «f 

imp.aaabl« vine, and bruah in «EMS that have been cut over and th» 

allowed to lie fallow.     [U, 26] 

Each task In such an area will involve locating and fixing the 

target, adjusting fire and compauaating for the canopy, and moving 

to new firing position«. 

Smrt. Desert area« of the world are designated primarily on the 

b«.i. of thel.- average annual rainfall«.1 Typically, the twelve desert 

regions of the world average  l«ss than six Inches of relnfall per year, 

.u    o u
lAvera8e "infalls can be misleading.    The hamlet of Jakhle in 

n !v.f   ?" OBC* W'nt '1**M ye•r, wlthou£ • tr*« ot r«ln«*ll. and yet Dakhla has  an average rainfall of five Inches per year.     [12] 
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with much of ch« Sahara avaraglng las« than ona Inch of rain par ym*t. 

Along with aparaa rainfall, tht oiM>««vanth of tha land aurfaee 

which la desert Is characterized by high tenperatures.    The low 

hunldlty of the air lets the sun's rsys panetrate the atmosphere and 

heat the ground to an extent Impossible In nolster climes,    Daytime 

summer temperatures of 120* F are commonplace with tha ground 

temperatures often 30-50° above that,    Night temperatures will 

pluasMt 50* ur more below the daytltns high, again due to the lack 

of humidity.    Visibility Is often limited by heat mirages and severe 

dust and sand storms which reduce visibility for days.    Movement ia 

usually unrestricted by obstacles and batrlars except during the 

sandstorms and the infrequent rain sbowera,    [12, 26, 28] 

Mountains.    Mountain areas are vaguely deecrlbed in various 

refdrence texts when it comes to defining the difference between a 

mountain and a hill.    Generally, mountain regions are given as those 

where land masses rl&« more than three thousand feet above sea level. 

Important to the artillery system in the discussion of this scenerlo 

Is not only the total height of the mountains above sea level, but 

also the slope cr rate of gain in elevation of the land mass. 

The general areas of the mountain regions of the world comprise 

some 25Z of the continental land area.    Mountain areas ere usually 

typified by channelised routea of ccinaimlcatione, large variation« 

In elevation within short horlsodtal distances, and meteorological 

conditions which change rapidly and often unpredictably.    Average 

slopes usually exceed 30Z, but include all tha extremes that go to 

make up an average.    Vegetation may vary from rain forest in the 

lower elevations to only lichens and moss ^ove the timber line which 
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occurs »round 12,000 U»t above ••• lav^l.    Th« run-off afUJC a. 

planKiful raiafaXl la eftan haavy, and IMII straam nay eaaiLy flood 

as a tasult. 

At hlghar eUvationa, auch as Tlbat whara tha avaraga alavation 

of tha entlra country Is ovt 15,000 faat, atmospheric prassnn Is 

reduced, temperatures vary over a wider range and «mathnr Is even 

more unpredictable than In mountains of lower absolut« halghta. 

Unusually low temperatures come on with nightfall, and winters are 

characterized by extremely low temperatures with snowfall In varying 

areas In amounts according to humidity.     [11,  30, 31] 

Xde^l.    The ideal scenario considered here Is a non-existent 

perfectly mapped, flat,  tebie-land which ha« Invariable weather 

conditions of standard temperature and humidity every day, no wind, 

unlimited visibility, and a few low hill» from behind which the 

artillery pieces are unobserveble by the enemy.    There are no trees, 

othei vegetation, or land masses to mask friendly artillery fire or 

to afford cover and concealment to the enemy targets.    The region is 

trafficable and coDnmnlcatlons are perfect. 

c?qb^flU9n8'    Taking rainfall,  terrain slope, and temperature «t 

a basis foi. a three-dlmenelonal scenario space, every possible target 

location on any continent may be deccrlbed in terma of the above 

quantities.    Meny locations reduce ta linear combinations of temperature, 

rainfall,  and slope.    Rainfall and temperature continatlon» imply 

the vegetation that accompany them,  i.e., vegetation heights,  types, 

and amounts arc direct functions of the tempereturn and rainfall.    As an 

example,  consider th« mountainous rain forest of northwestern 

South Vietnam.    This might be represented ss in Figure 2.4,  This figure 
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IVTOKft1»«'**'«»««*«! 

li an obvious oVtrflnp lift cation   of « eomplax tatvatn «titf ^ItldAtle 

condition, «id It la parhkpa ■ |ra«i UaUMptlon Cd' «Mittdav tK«ti 

tamparaturai rainfall, and alopa ara slnpla orthogonal vaetoM tflitdi 

nay ba addad by vaeeor addition«   T«t, thara «wry b« val«M In appraising 

tha atfaeta of a eoitf>lnatlon of tho quastittaa In thlt Way.    All pMalbla 

affaets on tha artillery gyatam My ba eonaldarad and account tiimn of 

tha total computational arrora which may b« introducad into tha aystarn 

as tha raault of oparating in such a eomplax attvironmant. 

Annual Rainfall 

Flgura 2.)    VECTOR REPRE8ENTAT10» OF SCENARIO PARAMETERS 
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Ill A MEASURE OF EFFECTIVENESS 

3.1 DISCUSSION 

Davalopla« « natiur« of «ff«ctlvuMt» (MOE) which, «long with 

cost consldaratloaa, will *ccur«t«ly aeimt  *lt«rn«civ«t »e that th« 

oost daalrabla ona nay ba aalactad It a dlfClculfc problaa that h« 

no unlqua solution In many eaaaa. Thtaa indapandant atudla« of tha 

taaa ptoblam could poaalbly preduca thraa Isdapaodant naaaura* of 

affactlvanaa», aach of which would ba valid and aacb might a van Tank 

all tha altarnatlvaa In tha aaoa ordar, though not nacaaaarily aa. 

Daflalng an MOE bafora fully undaratandlng tha mlaalon» th« icaaarlos, 

and tha baaic tyatam altarnatlvaa nay laad to a praelaa aaaaunaaat 

of a wrong or poor parfomanca paramattr with a raaultant ranking 

of altarnatlvaa according to tha wrong or poor eritarla. 

Thla chaptar will attampt to carafully daflna a oaaaura of 

affactlvanesi (MOE) for ranking propoaad alternativ« artillery lystama 

by first discussing what effectivanass is for an artillary systam. 

Next, a mathaoatical nodal will ba pratantad in tha fom of an objective 

function to be ninimiied, Th« parameters of tha artillery system's 

performance will be presented and then analyzed under the effects of 

the scenarios previously discussed. Finally, th« constraints to the 

objective function will ba presented, defined, and discussed. 

What is effectiveness and how eta  it be maasurad? For a mechanical 

engineer effectiveness might be the measure of tha amount of work 

obtained from an Internal eaabuation engine. This effectiveness la a 

function of tha total energy producing fuel that was burned and th« 

efficiency of the motor. Effectiveness for a financial investor might 

be simply the cash flow from his investments. 
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In ■ almlUr manner, In tha procaaa ot, chooalng an altamatlva 

«rtlllary ayscam, tha HOE will ba a nwaaura of sona output baing 

raallzad for tha Invaatnant In that particular altarnatlva.    It la at 

this point that tha Invaatmant plctura bacmas eleudad for artillery 

•yatama.    What la tha  'output'T    It obvloualy lan't dollars, unlaaa 

anamy targata daatroyad la aotaahow eonvartad to dollars.    How much 

output or raturn la aneugti or aatlafaetoryT    How la tha ratum bast 

oaasurad, or can it ba. maaurad at all?    What it  tha axact amount of 

Invaatmant raqulrad In tha irtlllary ayatam to gat snough raturn? 

If tha axpactad typas and axpaetad nunbars of aach target are held fixed 

for aach engagement In each scenarl.,, and for a given fixed fraction 

of casualties per engagament for each scenario, aoma condltiona may be 

stated fat will define a return on an artillery Invaatmenti 

Minimizet    The vector whose components are Variable costs 

per engagement and Artillery non-engagement 

ayatan cost 

Subject toi    Future budget constraints are not exceeded 

Casualties infllcted/engagenant ■ that required 

Number of targets/engagement - that apeclfled 

The simplifying assumptions of fixed typas and nunbars of tergets per 

engagement ie really tha product of two foregoing assumptions.    First, 

that all expected engagements in which artillery would logically be 

employed will fall within minimum and maximum bounds for numbers and 

types of targets.    Obviously, tha employment of artillery agalnat one 

lone enemy aoldler might be queetionable.    In like menner, tha enemy 

is esstaaed to possess eleer Judgment, and would never mass or concentrate 
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hit fore«« b«yoBd th« limit» of tutleal »fflclmcy lato « fonutlon 

•uch M • phalanx of en* huadnd man yld« by «a« hundrad man daap. 

Tha aacond «Mtavtlaa la that aach «rtlllary attanutlva axanlnad 

will aatlafy tha cmtatralnta of th* prob lam* 1. a«; that MC)I alt*rnattv» 

will perfom aqually w«!l within tha mlnlaua and maxim» bounda for 

tha nunbara and typ«* of target* par angaganant. 

Exaalnlng tha crltarla and tha constraint* atatad abov«, It night 

ba wall to discus* th* term* brl*fly at thia point, and In more datall 

later.   Minimizing variable cost» par engagement mean* reducing all 

coata resulting from on* coatbat mgagamant to the lowest figure poaalble. 

Variable costs per engagement will Include the cost* of r«pl*clng or 

repairing combat attrltad weapons, equipment, and man, and tha coat of 

tha projectile* expended against the enemy.    One disadvantage of this 

measure Is that It will very as a function of tha number of engagements 

fought and the frequency at which tha engagement* occur.   However, 

peacetime readiness costs will be minimised, and If tha aisuaptlon 1* 

made that the number and frequency of engagement* will affect all 

alternatives approximately the sam«. «• far as variable costa par engage- 

ment go, then this crlt*rl* will still b* accurate and reliable It. 

•*l*ctlng an optimum alternative. 

The artillery men-engagement system coat Is tha aacond component 

of the measure of affeetivenea* (HOE) and la simply the total coat of 

the alternativ* over its life  lati all variable c6»ta incurred In combat. 

Included In the system non-engagement ce*t era auch Items as RDTiB, 

Initial procurement, and readiness operations and maintenance coata 

for the life of the system. 
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Th« eootttalnti tit tha beimd« within «hleh the «ItanulMi akust 

11«.    Tha nra-angagaMnt ayitan cost abvietuly mat ba l«ao than or 

aqual to tha plannad fututa budget.   CMta do net MttMlly oecor «t 

ona Inatant In tlma, but ara apraad ovar tha Ufatlaa of tha lyatMa. 

Tha lyatam coat, than, will ba a atraam ovar tlaa, and th« plannad 

buagat will llkawlaa ba an aatlnatad budgat itraab ovar th« oorraapondlng 

tlna Intarval.    Tha naxt two eonatralnta aabody tha aaaumptlona atatad 

at tha first of thli taetlon.    Tha nunbar of targats par «ngagamant 

will ba aa »paclflad, and tha altarnatlva ayitan nuat ba capabl« of 

Inflicting at Unit tha raqulrad nunbara of catualtlaa par «ngagauant. 

A plot of non-engagamant ayatam coat va nunbar of caaualtlae 

achlavad In a ipaclflad angagamattt for varloui ptropeaad altarnatlvaa 

might raaaobl«      tha     graph       of Plgura 3.1   Thla llluatratlon 

SCENARIO S 

H 

i 
O   PL. 

Non-EngagaaMnt Syataa Coat 

Flgura 3.1    COST 0? TQREE ALTERMAT1VM K» C1VEM CASBkLTT LEVELS 
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«•ptMMti »yßtm cost in a particular «cmarlo s, «nd for thla 

iDttanca Mjttm I will bov« cha ataiw» Doa-aagagaaaat ayatam coat 

If tha nuabar of caaualtlaa par angaganKt is laaa than A*.    If tha 

ratjulrad nuabar   of CMualtlta par «ngagaoaat la batwaaa A' and B', 

than syata» II la tha propar choica for thi» thraa altarnativa axatapla. 

For any casualty rata «bova B', aay C', than ayatam III nlnlnisaa tha 

noa-angagaaient ayataa coat raqulrad to acbiava tha dasirad numbar pf 

catualtlaa par angagaaant.    Tha asauaption is that aach altarnativa 

can acbiava an incxamantal Incraaaa in caaualtlaa for soaa incraaantal 

Incxaasa in syatan cost, excluding variabla costs. 

Figure 3.1 is tha plot of thraa diacrete artillery alternatives. 

Theoretically, several other discrete alternatives «ay exist with 

non-engegaaent systaa coat vs nutzer of caaualtlaa per angagaaant plota 

as shown in Figure 3,2.    As sufficient alternatives are considarad and 

plotted, a composite curve, say V, emerges as a continuous boundary or 

frontier of efficient alternative solutions to the problem.    For exaaple, 

if A'  casualties per engagement are required, A" la the minlaua non- 

engagement system cost: to achieve A1 casualties, and A" aust be spent 

on alcernative IV, 

V 

IV 

III 

-,11 

-I I 

Number 
Casualties Per 
Engagement 

A" 
Hon-Kngsgeaant Syatan Cost 

Figure 3.2    EFFICIENCY FRONTIER FOR NON-ENGAGEMENT SYSTEM COST 

31 



How do eh« two quantltlo, vtrlibl« cut par euiMtf imi m* 

•ngas«Mnt lyitu eoit, vity for • glvtn ata*«t of eMWltlM Mflictod 

p«r mgagoamt?   An Intuitiv« artuaant U praaantad via Plgui« ).S. 

Conaldar a third axli eonlng out of tha pupar rapraamtlttl tttmltj 

laval par aniaianant, than ch« cun« In l-iiura 3.3 tapraaanta a plateau 

at aooa casualty laval In a particular lemarlo, ouch aa rain forait, 

Tha tyttan which hat nlnlaun nen-angajaMnt ayttaa coat ^ haa MM 

varlabla coat Cv   Parhapa anothat altarnttlva i*leh haa haavlar 

waapont of graatar callhar haa non-angagawnt ayatea eoat Y., but tta 

haavlar projactllaa ara nora afflelant In tha high eanoplad rain torsae 

with a raaultlng varlabla coat C2 laaa than C1,    Aa tha nea-angagaMat 

■yatan cost Incraataa to tha right, tha Colt of raplaelng attrltad 

«qulpnant loat In tha angagaaant will baeoaa tha ovarrldlng factor and 

turn tha varlabla coat par casualty upward again. 

VARIABLE 
COST PER 
CASUALTY 

MON-KtraMmnrr 
mtEH COM 

Flgura 3.3    VARZABtS COST PER CASUALTY VB NON-ENGAGEMENT 

SYSTBt COBT, CQRSTAMt CASOALTT UtVBL 
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■■«.Ä ■•*;-V-^ A-Ä^ifc,..   ,■   •.*,:,,   • 

Tabl* 3,1 

UfiT <W S1MB0U TOR CALCÜUOTI» 

VAUABU COSXS PER EMCACENQtX 

SjQP^ol                              Definition 

II' * v«ctor &i,E2 Kp, Ep+i ^Jl 

of expected attrition of p types of equip- 
ment end w typet of ueapoa« in ecenarlo 1 

A replacement cost vector 
^Il»I2«**,»Ip+l,,*,»Ij^«^ for tl1* 

p typet of eqtilpceot and « tyv«a of weapont 

C^' A vector of coatt per round  (Ctl|a>a|Cc ) 
f«r « typet of weapons tf 

R^' A vector of expected nunbers of rounds 
expended per engaseneat (Kx«**«*1«)! fos 

the w types of weapons In seanarlo 1 

TVCi Total variable cost In scenario 1 

K. Required number of casualties per «ngage- 
mont for scenario 1 

Cj Average total variable cott per catualty 
par «agageaent In tcanarlo 1« 
C    - TVCJ/KJ^ 

A vector of the variable coats per casualty 
for the scenarios.   £- (C^,C2,C^tC.) 

A vector of the nat-engagenent ays tan 
coats for the tcenarlot. 
X-  (Y1,T2,Tt3,Y4) 
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3.2    THE' MEASURE OF EFFECTIVBHESB 

Th« erltarla for the artllUtr lytt«, «r tha muurt of »ttmetty- 

natt  (MOE); hat bacn briafijr «tntlaaad u tfta problan of •laultanaoualy 

nlnlnlzlng tha variable coat par caaualty par angagaamt and tha non- 

engagaaant iy»tein coat.    Ai atatad, tha problam It oaa of mlnlmlalag 

a two-componant vactor contlttlng of variable coat per catnalty and 

aen-MgagaMnC aytten coat, and accfa of thaaa two compmentt la again 

another vector contlttlng of four conponentt each.    The coi^anentt of 

variable coat and aoa-angagenent ayttam cett corratpond to the 

calculation obtaload In tha four teanarloa ualng tha notation at 

given In Table 3.1.    In notation, tha criteria la 

Nlnlnlae (£, Y) 

where £ It the vector of variable cottt per caaualty and T It tha 

vector of non-engagwent ayttea coat.    Mere detallt of vactor mlnlml- 

«atlon will be dltcuttad la Chapter V, but for now the datallt of 

determining the conponentt of the £ and Y vectort will be examined. 

If It happent that Che ayttam eharactarlttlct are datarolned and 

the non-tmgaeenent tyttem cott estimated before any prototypet are 

built, then the contlsuetta function outlined In Figure 3.2 would 

apply.    If teveral dltcrete prototypet were currently In being, the 

criteria might be modified tonewhat to 

Mlnlmlae    (£.2^    .    J - 1,2 n      and n - 2 

which Indlcatat that each dltcrete alternative J will be analysed and 

coated for Ita valuaa of £ and X, J taking on tha viilnaa one to n and n 

la greater than or equal to two.    Tha optimum aolutltm will be that 
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.Itenuttv. which .l-.U^ou.l, ^ ^w£ .d i „cte„ ^ 

1«..  th« tr.d..off. «d ..epn^ crlt.tla ^^ be ^.^^^ 

H»l« will b* iisctmimi furtUr la Ch^t« V. 

Sa v'r,'Mi Sau or fiUMia TiiAin    TAU 3.1 ^fu«, «„ 
of th. vl«. r«..^ u ^^^ ^ wlw of ^ ^^   ^^ 

per «.u.lty in nh. wlo«. .«.„t«.    B«lc.l^ th. .^Ubl. co.t. 
P« «.«.It, .« «^ up of tht ^ of coiilwt ^^^ ^ ^ ^ ^ 

«d th. cct of the or**«*. ..^..^ « ^ ..^ ^^ tB th- 

•a«^.««t.    Th. vctoir ^U XAU 3.1 Ju» cc^««*. whuj, „„ ^ 

—b.r. of ^ch typ. of eqttillll.ni# ^ mi ^^^ ^^^^ ^ 

thro«^ p# «d u.. .^^ of WMpeM by ^ ^ ^^ w ^^ ^ 

•xpected to b^o«. «.„.Itl.. d« to ««y .ctlan « M . ^^^ of 

coabmt «g«ln«t the emi» in an maaiam*** i~ . ~.    ,     ■ / ui «n mgagmMnt in •caacrlo i.    iho «actor ^ 

h- M co.pan.nt. th. «pUc«.« coat, of «ch of ^ .«^^ of &# 

«d th. I«., product of th... vctor.. V ^ ^ tbm ^^^ 

co-t. p.r «.^^t for .^„^ u    ^ wu  of ^^ u  ^ ^ 

cct of «puc«.« a.McUted ^^ p.rgoniiel 1# ^ ^ ^^^ ^ 

tran.porutlon co.t. i^lvmd to „„^^ p€rioimei ^^ ^ 

1. not a prlc. tm on hvnan  11£«      n- •. •m   n iiunn  ut..    It may b. aMUMd th« all p.»«,!!.! 
lo.«. will b. ^..1 .««. .u .lt-IMtivM for my ^^ ^.^^^ 

«- th. «^ « c^^, ttlmadly pmtMmMl ^^ ^ wmvmmt Jn 

b. .llmlaat«!,    if u ti dw^d that n.r«»»i  i- »—»M Mat parMMwal louaa mut ba ««utdarad 

for all alt.rn.tlv... r.8.rdl.M. th« «a «.Won o*^ b. to put 

•uch a high prlc on ..ch hum« Ufa that no on. could ar.ua about It 

«d includ. thl. cct 1„ th. varlabl. co.t par .„»...„.„t.    aia ,, 
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usually Inpraetlcal bseauu of loclal, nllgloua, and aigetlonal 

raactlent.   A mora raallatlc aelutlon alght ba to ehitt«« Cha etitarla 

to Includa tha axpactad noabar of friandljr partonaal eaatt»ltlaar 

Minlmfta < i J^ 2 ) 

whara tha victor ^ !• a vactor of axpactad frl*   'Ay taawltlai, oaa 

eonponant corraapondlng to aaeh acaaarie. 

Tha lourcaa for datannlnlni tha aapaatad valuaa of tha cenpomnti 

of ^ may ba variad.    Paat coMbat axparlanca will glvo aoaa gulda at 

to paraonnal and vahicla loitaa that may ba axpactad for a (Ivan atsad 

angagammt.   Howavar, naw tachnology, anglnaarlng, taetlca and 

anvlronmant off act« will influanca tha vulaarablllty and tha eenaaquant 

coabat attrition of #il lyttam conpenanta, Including paraonnal.    Paat 

axparlanca mutt ba ttmpared, than.trtth Judgmant and a full appraetatlon 

of currant frlandly and anamy capabllltlaa.    Poaalbly a battar aatlmata 

could ba obtalnad by programslng anamy capabllltlaa Into standard war- 

gana almulationa, and analyiing thalr raaults against frlandly forces 

In tha conputar Itarationa.    [16] 

Tha rapUcament cost vactor ^ mi tha vactor of coats par round 

4. ara simply tha costs of raplaclnj tha combat attrltad or conbat 

«xpandad componants of tha systam.    Howavar, ^  tha vactor of axpactad 

numbar of rounds axpandad par angagatnant Is not so straightforward. 

Each compliant of ^ la an axpactad numbar of rounds calculatad 

according to tha formulas givan In Appandlx I, and tha componants, whan 

staaad, will ba tha-nunbar of rounds raqulrad to Inflict tha daslrad 

casualty laval K^ In «ach tcanarlo 1. 
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■■■■■'"^:W^WMörM«t'^l-'..-"-y^'^*-i   -': 

Uilnt a itwdArd dtxlv«ttoo uad^r the •■»«Bptlon» stD^fd la 

Appandlx I [16, 18], tb« «x^McCtd ovpibcr of rewadi rtqulrad to Inflict 

• giT«n Uv«l sf cMualtl«* Kj par muwmat 1«« fimccton of tb« 

an« ot the t«ri«t (Aj), th* «MO *r«* pf «itafttlvaM«« (MM) of tach 

roimd, aad tha circular arror proä>«fct)JLty (ORP),    Thaaa paraaatfta, 

At, MAE, and CEP, and tha factora whldv «ffact tham ara glvaa in 

Ubla 3,2 

Bafora diacuaalng tha parturbation« of thaaa paranatara by tha 

various acanarlot, aona diacuaaio» o^ tha nuiabar of caaualtlaa, JCi for 

«ach acanarlo 1 ii In prdar.    Tha .nuabar of caauAltiaa K^ ia acrtctly 

datarmlnlstlc, and tha aajuBptlon la that any targat which ia within 

tha apaclflad naan araa of affactlvanaaa (MAE) of a ^particular burating 

projactlla will ba mada a caaualty by that projactila.    As pravioualy 

mantlonad, MAE will vary aa a function of targat typ«, position, 

hardnaas, «tc.    In order to alnplify tha target and round calculations, 

Table 3.2 

PARAMETERS AFFECTING THE EXPECTED NUMBER 

OF ROUNDS REQUIRED TO ACHIEVE CASUALTY LEVEL K. 

TWitt AlMi At 

Hard 

Medium Hard 

Soft 

Coverage effects 

Naan Are« of 
»KifitiWtlHi m 
Projectile design 

Caliber, weight 

Velocity 

Angle of fall 

Height of burst 

Coverage affects 

Clrq^«t Error 
PffrtlfcHltYi SB 

Random system error 

Targat location arror and 

Weapon location arror 

Targat reporting 
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•U Utg«« B»y b« glwin in urn of thnlr ptnentMl aqviMliMtt«    For 

•xanplc, an tnÄUv tink with « CMW bt tti wbuU b« thought *«••« 

parionnol targot «1th an ara» tqul to that of tha tank» and th« MMt 

tiaad would bo that of tha particular round agatnot tankt.    TM» wtli 

raduca       eaaualtlai par aagagaHaat K^ to a atngla valua tnatand •« 

requiring a voeter of Valiiet Hating t\l tha varlou» targat typaa» 

Staca tha caaualtlai par angagamant ^ la datarmlnietle, and tb« varlabla 

quantity la tha nunfbar of rounda roqutrad to Infllet K^ caaualtloa, 

It might ba daalrabla to add a probability atatomant which raqutraa 

that tha probability of achfaving K^ la graatar than lone arbitrary 

valua, tay 0.9.    Thli probability attttammt can ba tranafwrad Vo tha 

axpactad numbar'of rounda par ongagattant vaetor, j^, by raqulrlnt tha 

•xpaetad nunbar of routtda par angagamant, which la an avarago valua of 

axpactatlona obtalnad ovar aona nunbar of eonputar Itarationa, to ba 

graatar tha» nlnaty pareant of tha Individual axpactatlona found on 

aach eonputar almulatlon.    In notation thla may  >o axpraaaad 

PCKf* - K1) - P(m rounda Inflict %i br mora caaualtlaa par angagamant) 

- 0.9 

whara Kj* la a randoo varlabla and la tha aetual nunbar of caaualtlaa 

par angagamant.    Tha varlabla tt ta a semputar-darlvad axpactad numbar 

•f rounda raqulrad to Inflict K^ caaualtlaa par angagamant. 

Tha varlabla coat par casualty, from Tabla 3.1, la aaan to ba tha 

product of axpactad attrition tlnoa attrition eoata plua axpactad 

round axpandlturaa tlmaa coat of rounda all dlvldad by tha nunbar of 

caaualtlaa par angagamant K^.   Tha naxt quaatlon that night ba aakad 

la, how la tha varlabla coat par caaualty affactad by tha acanarlo. 
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Weapon« will hw . W%*i» »mt, of MwiiKlm* «»«tor wht^hUmy.will 

fttnotlpn and m«ow o,tl««Uyt .«d thai« eendttlon« w«! ba?m.idarad 

prevalent in the noe-e.latent Heal 8a«u»le.    The MAB of aaeb reund 

will reeli.« its phyalcel Halt« In the ideal .eenartor the «eartalMy 

of the looatdMj« of the «ttlllery.veapon and the tavaet «111 be 

minimised and »ill reduce the GB? to a function of; the randra error 

of the weapon «ya tern only.    The expected number of rowda reqiiivei 

to inflict ICj caauaUle« per cnt.agonat In the Ideal «cwarlo will be 

optlaiatic with respect to the other fcenerlo« or wh»t «ey o«;cur In, an 

actual engagement.    Attrition due to combat can be expected to be 

minti4«ed ia the ideal scenarlp, and a lower bound for variable costs 

per caaualty will be realised,with respect to th,.othfr acenarlo* and 

actual esgagemnts. 

In rain forest ar^aa. mapping is usually poor and dlatlngulihlag 

landmarks are usually more obscwed by the high tree canopy,    [a}    A», a 

result, Increased uncertainty of the location of the artillery weapoe 

end the en«y target result, in greater CEP's.    Target area is usually 

reduced In dense vegetation for command and control purpoee«, and will 

result in a smaller probability of hitting the target by « single 

round, a. seen in Appendix I.    The observer ha. a decreed ability 

to locace and adjust burating rounds onto the terget due to the muffling 

effect of the tre^ canopy.    Shteldtng and deflection of the projectile, 

by the high c«u>py will tend to reduce the MAE.    The total ef^ctf of 

increase-i CEP, teducad, MAE. and reduced A,, will b* to increase the 

expected nunber of required round,  to achieve K.. 
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Ttw »fUcta Of htfh ttt^aratuni and htMldtey •■•e6$at«d vltti eM 

rain forest will tend te Ineraate the nunbara of nen ra^ul^rad t9p»tt6m 

a given work load «bova the «afbaL requliad under Ideal iea^«7ature  ^ 

and hualdity conditions.    Preventive malntena&ca leada may tncreaa* J 

die to an environment which la conducive to rust and cosrvosloni    Aa », 

result, attrition of weapons and equlpitent will be expected to Incraaae 

above that expected In an Ideal anvt.-ensant.    The total raaulta »f 

lnerea««cf expacf.ad rounds required t« inflict K^ and Increaaad attrition 

will be an Increased «xpected variable coat par casualty for an etofliga- 

nent In a rain forest over that expected in «n Ideal acanario.      ,")f 

Desort affects will ba a aarkedly Increased attrition of waapona» 

vehlcla«, and equipment due to heat,  sand,  and grit  [19], and ta> InctaMad 

attrition of personnel under contet condltiona due to the affett» of 

heat «id low humidity.    [3, 12, 26]    A d«scrt engagetoent la character- 

ised uy nobility and an increase«, awaen    lor movenent against fleecing 

targets, ranultlag i» greater-than-ideal scenario wear and tear m 

vehicles and eqairaaRt, contributing further to attrition of equlpnaat. 

Fleeting targets, effects of heat nlragas,  duet and sand atonns will 

all reduce the «ccar«cy of locating targets and the effectivaiwa* of 

adjusting fire onto the targets. 

In the moontain »canailo the added uncertainty of elevation la 

added to that of target location and w«apon location, resulting in an 

Increased CEP over that obtained If location» and elevations are 

exactly known.    By geometry1' it is seen that the effective CKP againat 

1Xt will be more If the projectiles fall at an angle leaa than. 
90* onto a reverse »lop« of 30*.    Firing at a fixed point P, huli of the 
rounds would be expected to fall within a horiaontal circle of radius r. 
On a 30* slype,  the  same cone of fire projecta to an allipie w'th a 
minor radius of r and a major radius of r/coa 30*.    The new area, 
Instead of being pi  time« r2,  is now pi times r2 divided by cos  30* 
for an increase of   16% over the horlzonr.al CEP. 
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targtta appMting on r«v«rtt tlopa terrain may inciraaaa by at ouch 

*a 16Z an a 30* alopa dua to tha alopa alona.    Howevar, CEP'i will ba 

reduced on forward slopaa by tha ■ane analyala.    Uncertain and variable 

mteorologlcal condition* and the added burden of oalntalnlng obaar- 

vation of revarae slope» by air of other "fan* Inereasai CEF'i and 

attrition coata respectively. 

Mountain masses tend to mask or shield the fire of some weapons 

and will place an Increased raqulrenent on high angle fire wcapona. 

High angle fire Is characterised by greater CEP'a and stellar caliber 

weapons with smaller MAE's.    Mountain masses will also channelise 

coaswtlcatlona and logistics routes increasing tha vulnerability to 

«■bushes and enfilade fire and the expected attrition to an angaganant. 

The overall effect will ba an expected variable cost per casualty 

greater then that expected in the ideal scenario. 

■ThM BMeBuamMt Svifm Cost Vector.    Raturning now to tha basic 

model presented at the beginning of this section, consider the second 

component of the measure «f effectiveness vector ( £1 J )•    Tb« non- 

engagement system cost component Y Is itself a vector composed of four 

components X,, which correspond to the non-engagement system life 

costs ID each scenario 1.    Tha adjective 'non-engagement'  is added to 

Indicate that the system cost considered here does not Include the 

variable costs that arlae solely in the combat engagement.    Such items 

as training aamunltion and normal stocks of spare parts are included 

In the non-engagement system cost, but combat attrition and expenditures 

of ammunition against an enemy are not.    For any alternative being 

r^ulderad. Its mlnlmun non-engagement system cost will ba realised in 
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the Idaal icmtrlo because weather and terrain condtclonavttt-IM'Ideal, 

ratupply and movement will be unreatricted, and maintenance anrf oper- 

ating conditions will be optimum. '    J- 

Some of the effects of the riln forest on the non-«ngageneat 

system cost are those due to heat and humidity.    Weapon and e^ulpmsnt 

life cycles are shortened as a result of mildew, rust, and corrosion 

resulting in higher total replacement costs over a glvan period of 

time.    Personnel do not petforin ss wall In excessive heat and humidity, 

and this requires greater numbers of personnel plus greater numbers 

of replacensnts to accomplish the workload. 

Due to the high canopy and excessive vegetation, fewer firing 

positions will be available.    Mobility of the basic weapon will be 

reduced end there will be a requirement  for special vehicles as a 

result of lack of roads and trails and the existence of excessive 

vegetation [3].    Requirements nay be gmereted for more or perhaps 

new observation components for detecting enemy targeta beneath the 

canopy.    The canopy will inhibit or mask the firing of the weapons 

on targets at certain ranges and will place an increased operational 

requirement on the mortars and howittars.    The overall firing rate 

end firing capability will be impaired as s result.    In the event 

the enemy artillery has well-prepared positions,  increased vulnerability 

to enemy counter bsttsry fires may reault. 

Low humidity and high temperatures such ss are found in the desert 

scenario reduce the life cycles  and the work cycles of equipment and 

men.    Preventive maintenance intervals will be shorter due to sand and 

dust and chemical breakdown of lubricants dus to excessive heat.   Greater 

numbers of personnel will be required to perform the Increased maintenance 
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work load and to cotvcntat« for the df Militating «ffacts of daaart 

heat.     (2,  19, 28]    Loglatlc support requlraasntt «111 be ineraasad 

due to maintenance and personnel requlranante and due to the nature 

of desert warfare, i.e., warfare that is chara<;terUed by ■obllity 

and slashing maneuvers of nobile troops.    13)    The total effects of 

the desert scenario will be to Increase the non-engagement system cost 

over that expected in an ideal scenario. 

In the mountain scenario, mountain masses will tend to channelise 

communications, Inhibit mobility and freedom of moremsnt, and place a 

requirement on the system for a greater nuaber of high angle of fire 

weapons to neat the firepower requirements.    Higher altitudes and low 

tseperatures will tend to reduce the tempo of operations due to human 

tendency to fatigue    more rapidly in these conditions.    Above certain 

altitudes helicopters may become ineffective for tactical and logis- 

tical support.    These factors combine to result In a reinforced 

artillery system when compared to that required in the ideel scenario. 

To suamarlse, the non-engagement system cost will increaae as 

humidity and average rainfall decreese to desert conditions from a 

standard day or Ideal conditions.    Non-engagement system cost will 

slso increese es humidity and rainfall increase to rein forest conditions 

from the standard day or ideal conditions.    Desert conditions will 

require Increased operations and maintenance costs, increased personnel 

costs, and increased logistics costs.    Rain forests may require more 

firing unite since mobility is hampered, or may require more helicopter 

units to attain an acceptable capability to dieplace rapidly.    Mountains 

require a preponderance of high angle of fire weapons, an increased 

observation system to observe reverse slope terrain, and incraaaed 
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fIrcpowar Mint to ovarebn* tha vulamblllty l«pei«4 hf chMHMllMd 

coBmunlcatloxii.   Alto, higHar altltudai will oaui« a Immtii tfft«l«ncy 

of panonnal and luppoft halicoptari. 

3.3   THE CONSTRAINS 

Tha basic conatrilnta to tha aolutlon of tha nodal -prep**** *« 

this sactlon ara glvan In tactlon 3.1.   Tha first ii that tha nan« 

angagamant systam cost ba aqual or lass than tha budgat.    At davtlopad 

more fully In Chaptat IV, all tha coats de not noratally oteut at ena 

single point In time, so that tha system costs ata iMraaant«! «Mr 

some period of time.    These periodical costs should ba aqual to vr leas 

than tha planned budget before their associated alternative la «Mn 

considered as a possible solution.    The second constraint mttulMa 

that the casualties Inflicted per engagement Is greater than or aqual 

to the number specified.    If the alternative systam cannot Inflict 

the degree of destruction required, there Is no need In examining that 

particular alternative.    The third constraint was that th« number of 

targets per engagement oust be specified, although this may be thought 

of more as an assumption than as a constraint since It does define the 

engagement. 

Four other constraints are Implicit In those stated in sactlon 3.1 

and should be mentioned.    The first Implied constraint eonoarnt the 

maximum range of the system.    The mlnliiiuai acceptable aaxlmMi range 

must oe stated to provide fot tha counter battery task in each scenario, 

The second Implied constraint Is that of continuous coverage, I.e., the 

proposed alternative mix of mortars, howltiars, and guns must provide 

artillery coverage from the forward edge of tha battle atea (FEBA) 

continuously to the minimum acceptable maximum range stated above. 
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If IwlM «Klft 1» th« vctilUry fvtatßt thm •aaaqr M«d onlr «lip 

hi» «M> artillery Uto a»cb a 'hala' tmA dmeimaf ttimadly artlllary 

at will.    lb« two ranalalng coattratnta «rhlch will ba diacMaa4 a 

little nora at length are the lapllad nobility oaaatralata and Cha 

Inplted technological constraints, 

A waapoo which could davaatate any known target with one alagle 

«hot out to a range cf tan allaa at a cost of only five dollara per 

round would Jwsve limited use, In most instances, If It could net ba 

transported on a »hi?, lifted by an aircraft, or pulled by a truck. 

If thla mythical weapon could be instantaneously manufactured at any 

chosen spot, all the transportation restrictions might be elretmented. 

However, in the usual Instance, nobility, the cheracteristle of die- 

placing from one position to another to engage In coabat, adda to the 

effactivenesa of the system.    A weapon or vehicle that la deacrlbed as 

being highly mobile la usually capable of moving acrosa varlona types 

of solle Inclined at varioua slopes at apaeda described ae feat or 

good.    How mobile is 'highly mobile' and bow faat la 'good'? 

One method of quentlfying the mobility characteristics of a 

system. Is to define the constraint vector T which la a vector of the 

minimum tlmea In each of the scaoarloa for any battery of a system to 

displace a given specified distance in each acanario and to comaance 

firing on the new target from the new firing poaltlon.    The standard 

distance  In each scenario might be some fraction of the maKtoaas range 

of the weapon mix, and would contain typical terrain, vmgatation, and 

obstaclea representative of the acanario.    Bach ooavonant T   of the 

vector T vould correspond to a acenarl« i, and would ba measured from 

the tine the first artillery tub« of th« particular battery ceaaea 
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«rtag tad b«gl»t th« 4UPlmt*mnt mtll th« tim thm lut «My« «f 

ttM batt.ry vhleh 1. dlaplMtac l»«tlM ttttü« M tu* mm Mrgit CM. 

th« M» peiltloa.    Thl« tractor «I «l^laMMnt tlna« X wmld b« t«,ulrad 

ta b« !••■ than sow MXIMB altowabla tlut, 

—     Aoaxlnum 

'*•" lux u «Mtrtrlly •■•lV>«d or my b« a vtctor of the avarat« 

tlaea of tha eorraat cparatlonal tyitea In dUplaclng ovar tha pratcrlbad 

dlatancaa aad obatacloa In aach acanarto. 

Tha tlmas to diaplaea will ba aona function of tha veapon «altht, 

th« «canatlo, aad tha tachnology of tha «oblllty »da aalaetad, l.a.. 

whathar tha »aapon la towad. aalf-propallad (SP), an «phlblan, or 

hallcoptar traaaportad.    Th« datamlnatlon of th« optla« nod« or «t> 

of «xtaa for artlllary »blllty la a topic for anothar r..a«rch p«p.r. 

T«chnologlcal eoaatralata «xtat which ralat« w««pon ayat«. characc.r- 

iatlea to tha ma.ur« of «ff«etlv«.«.a (»I) of th« «lt«matlv«.    Stating 

that ralatlonahlp wy b« a««thl«g of a proM««, but thar« 1. a racog- 

nu«d limit to tha currant atat-of-tha-art.    Currant tachnology can 

only do ao »uoh, proj.ctllaa can ba »ad. to hav. only aoaa ««rtau« MAE 

and inflict only ao »any caaualtlaa In a glvan araa, hallcopt.ra can 

fly only .0 tut in dlaplaclng artlllary unlta, ate.    Tha conponanta 

of tha varlabl. coat par caaüa.ty vactor £ ara functlona of attrition, 

rapl«caa»nt coata, axpactad axp«ndltur.a, and coata par round of 

aanunltlan, or 

C - F^attrltlon,  rwplacanant coat, nuofcar of rounda flrad, 

coat par round of «■aualtlon, callbar of round) 

and aach of tha co»p«n.»ta ar« fuaetloaa of oth.r varlabl«..    Attrition 

will b« a function of ta^ratur«, h«ldlty, tarrain «lop«, nurtar of 
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.-■«.., »■..Ai»««««r'W«»,«»rw?»»'S*n 

«pvl&S part« la th» pl«c« o« •qtitpfipnt, wa*«r of m«ngr uuracta i^pwtas, 

nuabar of reundt flrod, Md othors.    Vqtiifmmt r«pl«c«mnt coat» mi 

•munition coat« will b« fimctlon« of oqulppHit or wMpon iMl«ht «nd 

«lx«t callbr«, nunbcr of ncvlRg parts« aaxlasn r«n« of tha waapea or 

round, «tc.    Th« nunbar of round« flrad to dafaat tha tarfat will ba 

A function of MAE and CEP which In turn ara fuactlona of tba walght of 

tha round, mucxla velocity, rata of fir«, rang« to targat,  canopy halfht, 

caliber, angle of fall, height of burst, location «rror, and other« aa 

Indicated in Table 3.2.    Standard ragratilon program« exist at matt 

computer facllltle«, and thaaa program« will use past data of mapaa 

type« to compute coefficient« of the parameter« to dofln« an svprodaMits 

function Fj for predicting C.    However, the value of Fj for pradlctlag 

C whan the new alternative characteristic parameter« ara outside tha 

range« of value« of the past data requires Judgment.    If all tha past 

calibers have been In the range from Slum to 175mB, Tl might not be so 

useful for extrapolation In estimating C for a 2500« weapon. 

If continuous second partial derivatives of Fj could ba aa«um«d 

or determined, perhaps a better uae of F^ would be to determine the 

minimum C by the classical method of setting the first partial deriva- 

tive« with respect to the parameters equal to sero and solving the 

resulting «et of «imultaneous aquation«. 

In Ilka manner, the non-angagament system coat T is some function 

of the number of targets per engagement, the temperature and humidity, 

slope of terrain, caliber of weapon, and tha mobility mode cost, among 

other«.    By ragre««loa enelyal«, SOBM function Fj could ba determined 

which «hould have a shape sUilar to Figure 1.5.    The minimum T will 
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now d«pand on th« atiirÄ'c«!^^ ti*«^ ttt ^ui^d i&Ult^üi« 

which M«» tiM cOTitr*iilii!4r;j«Vk*Ädtn>«tot*rt,:ii»i tartMT'' 
«d will b. diui^n.d'lir^lhä'giriph iy pt&ikg 6& ä t WW^m* 

c..u.lt, l.v.1 h.    TW-VA icuinctm p^tMtttHl w tw ww ?! 
•pply to th« UM of 1^',     ' ;•:!•;: .,,.   .„,; 
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IV THE COST MODKL 

4.1 DISCUSSION 

Costing is ch« other aid« of th« waapons-ayitwn-avcluatlon coin, 

•ff«ctlv*n«sg being dlicuaiad pravloualy. A myriad of rafarancas 

praaant tha rallonala, logic or raaaonlng bahlnd costing and th« various 

tachnlquas amployad In costing a systam. (1,2,4,6,27] Two arproachas 

may bo takan dapandlng on whathar tha altarnstlva balng avaluatad Is 

a prototyp« weapon which has been Independently developed or whether 

the alternative Is a new weapon to be dealgnad and developed. Histori- 

cally, artillery weapons have uaually been the result of the former 

process. However, for costly altbrnatlve systems of the future some 

derlvetlon of cost estimating relationships (CER's) may be necessary, 

since prototype production may be too    costly. 

Most authorities divide the weapon system cost analysis problem 

Into three parts: research and development, Initial Investment, and 

annual operations and melntenance costs. The cost elements might 

look like Table 4.1, where a cost element Is a source or unit of the 

system or system support which requires dollars for purchase or 

operation.. 

Some typical problems In evaluating cost elements should be 

mentioned. Determining system requirements from testing of the complote 

system, Item I.c lü Table 4.1,     is oftf.n done by deriving expected 

valuea from war gams simulations, especially for ammunition requirements. 

Weapon and shell characteristics are progroned into the computer, an 

array of targets Is advanced against the gun positions, and the computer 

calculates how many rounds were fired to achieve a certain level of 

casualties, Since it Is Impossible to place an entire system In the 



T»bl« 4.1    TYPICAL CUSSIPICATION OF WEAPON SYSTBt COSr 

f ^ 
I. Raaaarch and Davalopnwnt 

a. Prallalnary raaaarch and daalgn atudlaa   \ 

b. Daalgn and davalopnant of aubayataaa 

c. Taat of tha e&plata ayatam 

II. Initial Invaatmant 

a. Prim« nlaalon aqulpmint 

b. Support aquipnant 

c. Initial aparaa, spara parta and ttocka, amunltlon 

d. Initial training 

a. Initial traval, tranaportatlon and «lacallanaoua 

f. Military Inatallatlona 

III. Annual Oparatlont 

«. Pay and allowancaa 

b. Equipnant and Inatallatlona raplaeamanta 

c Equipnant and Inatallationa malntananca 

d. Raplacamant training 

a. Conaunablaa, POL, training «munition 

f. Racurrlng traval, tranaportatlon, mlaeallanaoua 

50 



■■::*m* 'W^'W^WI 

fUld and mmfley it af«lnat «a «ctiwl «Maqr to tMt it«, co^uttr 

•ImulatloM «» probably ch« «oic fcatlbla and }.•«•( coatljr Mthod 

of tasting a ayataau It la wall to kaap In mini  a («w lUltatlona 

ot  tha cooputar analyala, howavar« 

Tha flrat limitation concama tha axpactad numbar of rounds 

raqulrad to Inflict tha glvan caaualty laval Kj. If M la tha numbar 

of rounda raqulrad to inflict tha caiualtlaa, M haa aoma naan n and 

•oma varlanca ^2. Ona valua of M it obaarvad on aach computar run, 

and tha total «ampla of M'a ovar aoma numbar of cooputar itaratlona ia 

uaad to aatimat« m, Howavar, It ia Juat aa important to know aomathing 

of tha ranga of valuaa M takaa on and how oftan M falla within that 

ranga. Tha varlanca   (f2 givaa aoma idaa of that ranga of valuaa, 

and waa uaad by Chabyabav to ahew that tha probability that M will 

axcaad ita maan n by mora than aona multlpla of tha atandard daviatlon 

(Ti* lasa than tha Inveraa squara of tha multipliar of (T. For axampla, 

PClM-mj^hfl^^l/h2 , 

or tha probability that tha raqulrad nunbar of rounda to nautralisa a 

targat axcaadi tha naan valua m by mora than h atandard davlationa la 

aqual or last than 1/h2,  If h la two and tha atandard daviatlon ia 9, 

than tha probability that tha numbar of rounda raqulrad to nautrallaa 

a targat varlaa from tha maan by mora than 18 la aqual or laai than 

1/h2 or one-fourth. 

Tha aacond limitation concama slnulation programming. It ia 

difficult to •Inulata topography, targat datactlon and location problama 

auch aa poor viaibillty and Jungla canopy, and maaauvarlng forcaa. 

All waapon typaa ara aaauaad to parfora aqually wall for tha glvan 

computar aimulatlon, whan auch ia not tha caaa. Moat «canarlo« for 
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«.d con.ld.r llttl. «o« th« .l^lfleint b«rl«. t. m***t Md 

major topologleal faatutai, 

Anoth-r difficult probl.« that luy ari.« m datamlBlng total 

.y.t.» «at l. tha probl.« of Joint co.tln,.    If a coatln. unit „uch 

a. a hallcoptar aquadron 1. com«« to tvo or mora oth.r ayatam. auch 

« artlllary «d l«f«try. It »ay b. a dlffleult eher, d.etdlng Juat 

vhat fraction of th. h.Ueopt.r .ffort «d r.aultaat hallcoptar 

•quadron coat ahould b. attrlbut.d to th. artlllary.   Th. «.u.l tul. 

1. to datarmln.. a. naarly a. po.aibl., th. «.«..a by th. v.rloua 

•ye«, of th. common unit, and ...ign tha coat of tha comen unit 

accordingly,    if th. hallcoptar .quadron »antion.d abov. 1. b«.d 

•board .„ LPH. th. probl« i, txtmAmA one, 1Mre,   ^ pottlon ^ 

th. total LPH coat go., to .„pport th. h.Ueopt.r .,u.dron vhlth la 

•upportlng th. artlllary? 

Son. co.t. .hould not b. ce«.ld.r.d in comparing alt.m.tlvaa. 

" cartam facllltla, ara alr.ady avallabla. or . räqulr.d .«b.y.t.n. 

1. common to .11 propoa.d .It.rnatlv... than thaa. n.ad not ba con- 

• Idarad In th. coat-affactiv.«.., mtlytit, ^ flMt ^ ^ ^ 

««.pl. of '.«„k coat.', monay „hlch h.a baan Irr.trl.vably .pant 

on a ,ub.y.t.m or a .upport .lamant, but th. aubayata« or alamant 

• till haa .om. v.lu. r.^lnlng.    If .on-how th. old facility could b. 

uaad for aoma othar purpoa. ba.ld.a aupportin, artlllary. than th. 

v.lu. to th. oth.r purpo.. b.aid.. .rtill.ry would hava to ba eon- 

• Idarad a. an opportunity «at and would b. includ.d i« th. .rtill.ry 

.ytom coat.    Th. m« coat, and tha initial invaatmant act. of th. 

c«rr.nt ayatam ar. axamplaa of .unk coat, and will b. omitt.d vh.n 

comparing „a. alt.rn.tlv.a to th. curr.nt ay,t.n.    Only .ttritio« and 
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«nmi«l operation and malntananc« coota naad ba consldarad whan convarlng 

tha praaant ayataa agftiMt aowi altarnatlva,     In tha aacond inalanca 
■   - ■■■-»      - 

abova, that of a raqnirad aukayat«* hata» cnMlcin to all propoaad 

«Itamatlvaa, only tha planning budgat «onatraUnt mat ba mat, !«•«, 

tha coat of tha coamoa aubayatao + th« «oat of tha prapoaad altarnativa 

■mat ba equal to or laaa than tha plaaaad bad^at.    CanatdaraclM of 

the coatt of each altarnativa naad not includa the seat of th« eonaoo 

•ubayatam. 

4.2    THB PROTOTYPE MODEL 

Before evaluating a newly propoaad artillery ayatem againat tha 

currant syttam, it ia nacaaayry to have a »tandardisad fettiag procedure. 

If there la any biae in * coating teohntque,  it ia h«t>ad all altamativea 

will become equally biaaed by using the same procadtira fo» all, attd 

that tha ordering of the altarnatlvaa will remain tha aama.    Tha coat 

matrix in Figure 4.1    outlinea a coating procedure for the currant 

ayatem by omitting the XX Itama.    The ayatem coating will break down 

into five broad categories of coating elemental    the baaic artillery 

unit, usually a battatyj the targeting and fire control tubaystam: 

facilitiasi aurface ahip-to-ahore tranafer craft; and vertical assault/ 

aupport squadrons.    For each coating element the following items 

must ba taken into account!    RDTiE, investment costs, maintenance end 

attrition, personnel of the unit, support personnel who are attached 

i-o the unit or eupport the unit from some rear echelon, POL and other 

consumables, and ahipping requirements. 

Current Svatem.    For the current ayatem all RDT&E and investment 

costs are sunk coata and need not be conaldered.    Peraonnel, maintenance 

and attrition, and POL and other ccniumablea coats are historically 
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XX 

XX 

XX 

XX 

XX 

XX 
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«w« MV mm * FATS PIM 

Vlttle.1 A.,..llt 

Hallooptan 
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XX 

XX 

XX 

XX 

XX 

XX 
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XX 

XX 
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XX 

XX 

XX 

XX 
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X 
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X 

X 

X 

X 

X 

X 

X 
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X 

X 

X 

X 

X 

X 

X 

X 

X 

rot sttippino 

'• 1ST 

£ST 

LFD 

LPH 

LPH 

Flgura 4.1    COST MATRIX FOR AN ALTERNATIVE SYSTEM 
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docwnnud «nd ar« nadlly avallabl«. As pravloualy noted, mjor 

prob UM any praaant thaaaalvai in appot timing tha propar fraction 

of coata of •hipping, «uppoirt aquipnant and paraonnal» facllltlaa, 

and aurfaca/vartical aayault/auppert to tha artlllary battary. If any 

of thaaa ara conaon to all altamativaa, thay may b« omittad from tha 

coating effort. 

Ualng vactor and matrix notation, It la pr  Ibl« to sat up tha 

problam of detarmining total battary coata, Bj total* toT  C0!BPut«r 

conputationa. Lat tha numbara from Figur« 4,1 ba compiled into tha 

battery coat matrix A^ where tha aubacript 1 rafara to battary type 

for n types of batteries. Define a vactor B^ which will ba a vactor 

of coefficlenta or multipliers correaponding to tha coating unite 

Hated in the left column of Figure 4.1 for a total of twelve eonponanta 

in the vector. Then define Bi* aa a vactor of coats, each coat 

component of the vector correaponding to a column of tha Figure 4.1, 

excluding tha firat or left hand column. In notation, 

il* ' " ll ' Ai 

and from thia equation, 

»1 total " i' ÄI* 

where ,1 ia tha aum vactor. If there la a diacount rate r baing applied, 

then 

Bi total " A' il* 

where D' ia a vactor of diacount factors and B^ la now ..>ie present value 

of the dlacountad bettery coata. 
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■^.WÄ^-SW»« 

For • •ImpHfltd «Muapl* conildar th« following hypoth»tiC*l 

Typ« 1 gun bactary. 

Aj - th« cost aatru ■Inll« to Flgu^a 4.1 

0     0        100    , ,, 0       lOOtOOO 

ISO     25 

• > • > t • 

• • . . . 50,000 

0      0        375  .   ..      ... 0 

Each column of Aj corratpond« Co on« of th« coluana of Flgura Ael, 

Each •l«m«nt of «ach column rapraianta an «varag« marginal eoit par 

unit of tha coit unit« in th« l«ft hand colutm.    In thla hypothatleal 

axainpl«, th« RDT&E and invaatmant coat« ara sunk and tha «lanantt of 

A1 corratponding to the««  ara all saroaa,    Th« annual coat of nalnta- 
v ■■ 

nanca and parts per artillary plac« la 100, coat of «hipping par 
*■ , •' 

artillary pl«c« ii 100,000, ate.   ^ 1« tha vactor of coaffidanu of 

tha numb« of unlti to ba co«t«d, and in thii hypothatleal axamplb ii 

( 6,  6,  10,  200, 0.1, 0.3, ) whara tha fractiona rapraaant that 

portion of the «upport lubsyatam utillsad by battery typa Bj.    in thla 

li\atanca 0.1 of tha target detaotlon iubayutam effort la utiliaid by 

battery type 1.    The vector of coata attributable to RDT&E, Invkitnent, 

Maintenance and Part«, etc., la 

Al* " V  Aj 

and the total cott of battery type 1 la 

Bl tot«|\" 1' Al* " the diacount rate la 0 X and 

" £' Äi* wh"« £'  1« • vactor of diaccunt factor« 

if r la the diacount rat«. 
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It ttwr« «M n typM ot b«tt«rlM ami ^ of Mch UtUry ty»», thw 

tht total Uf«tlw oparatint coat for tha artlllary jyataa boin« ; 

conaldarad la 

n 

Y " w"1 Bl tot*1 

Tha tine phasing of coati and tha discounting procaduras which nay 

ba anployad ara dlacussad in aactlon 4.5. 

Tha rigorous and arduous task of detaniinlng matrleaa A1 for all 

typas of artillery battarlaa nay ssam overly burdensona at first. 

However, tha task la required in order to accurately datenalne total 

Ufetlaa operating systems cost, time phasing of costs, cost of adding 

ona additional battery of type 1, and for developing reliabl« Cost 

Estlnatlng Ralatlonahlps (CER'a) for proposed future altaroativaa. 

The CER's will be predictors which will hopefully accurately relate 

such itesis as maintenance and operating coata and attrition coata In 

a particular acanarlo to tha Investwnt coata and tha charMtaristlca 

of the alternative.    Another w.ful CER will be one relating tha weight 

and volume of an alternative to its shipping or hsllltft costs. 

Other results of the rigorous development of tha coat matrices 

will ba a determination of those cost Items which are relatively insensi- 

tive ss to battery type and thoaa items which may be conwn within or 

between battery types.    For example, the coata of tha targeting «ad 

fire control sii>system aw probably relatively constant from battery 

type to type.    Within »11 batteries of a particular type, it would tiot 

be unreasonable to expect «11 personnel rsquirenents to be the seme. 
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p«rhap« th« ntt«b«r* of Mqulnd tupport pttrteoMl at wall,    «aalyalat 

tha output of th« cot ting Mtrlctt af two at «era altatnativai vlll b« 

dltcuttad In Chtpttr V, 

Th« Protctvn,« Alttrnatlv«.    Tha bttle cott matrix In Figur« 4.1 

appllat with th« coluoni for RDT4E and XnvattiNnt Incladad whtr« 

«ppllcabla.    Again, RDT4E and Invattmtnt cott« of componantt of tha 

currant tyttam «r« sunk coat« and ar« omlttad from tha coating of any 

alternative which Incorporate« thota componantt.    Tha tame computer 

program« utad to evaluate tha currant tyitem will be utad for tha 

alternative.    Th« CER'e developed fron data on currant tyatamt will be 

uted to cKtlmat« luch Item« «« propo««d «Iternatlva operation! and 

malntanancj coat«, peraoimal cott«, etc., provided tha charaetarlttlct 

of the propoted «Iternativo are comparable to thoaa of tha tyttam on 

which :he CBR'a^were bated.    The validity o* tha CKR't cannot be 

ataumad for ell pottlble «Iternatlva«. 

Th« coat« for RDm In developing the prototype ar« Mttorleal 

AVA will prove useful In predicting Initial Invattmant cottt lor the 

alturnatlva, I.e., 

Initial Invettment cott - f ( RDTM, weapon characteristic« ) 

where the RDT4E cott« may reflect the degree of technological tophlttl- 

caMon of tha alternative.    If the RDW2 cottt are considered sunk 

cottt for tht company developing the prototype, they will be recovered 

by an Incraated Invettment cott.    If RDTiE It on-going, tha cottt will 

ba time phatad over come expected period of development and will be 

dltcounted et an accepted diacount rat«. 
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^■^^r^V.^^v^A-«^^^^«^-^^ 

InltUl proeuMHnea will ltk*lT b. tlm phw«! nthmr then > l«p 

•UM purehu«, if for no ottwr roMon eh« that tlw Mnuftcturtog rat* 

hM «om Halt.    Tho tralnlat of poraomial to «parat« nko nw «wHnwut 

will hm phasod ovar COM tiM, aa Mil, and It wild ba uMcoooMlcal 

to hawa larga tnvaotorlaa of cba nw waapona «a hand for any «rant 

langth of tlM prior to tha coevlatlon of training of tha paraonnal 

to oparata than, 

4,3    NEW DESIGN COST MODEL 

Tha now design will ba limited by tachnology m4 tha atata-ofitha- 

art of artlUary ayatania.    Ralatlng thaaa daalgnad Map« chM«ctarlatlci 

will ba the Job of CER functlona auch aa thoaa «Uacuaaad In aaetlon 3.3. 

For axMple. the variable coat par caaualty, C, and tha noa-angagawnt 

ayatem coat, Y, can ba estimated from theli paraMtarai 

<; - F1  (Might of the weapon. Might of tha projectile, langth 

of the tuba, musala velocity, rate of fir«, xanga to tha 

target, nuaber of aitamy targata, nunbar of novlng parts 

par weapon, taaiparatufa, hunldlty, height of burat, 

anjle of fall, etc.) 

Y - F2  (uuaber of targata. Mbility node cost, caliber of weapon, 

projectile Might,  taaparatura and hunldlty, ate.) 

After tha oharacteriatlcs have bmma seiectad, tha CKR'a will be used 

to eatlMte all tha Itank of tha coat matrix In Figure 4.1 that apply 

to tha propoaad altematiw.    Eatlnata« mutt also ba tsade of tha iin» 

phaalng of RDTM and production achaduUs for the Inltl»! invaatnant 

ao that appropriate discount faetora My ba applied to tha coat Items. 
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Past history has shown the feasibility of the prototype method 

of developing a proposed alternative, although to determine If It Is 

the optimum method would require further research. It 1* likely that 

pure cost estimating will be less costly than the prototype approach 

for weapons requiring large outlays for RDT&E and Initial Investment 

or for testing and evaluation. Just how large Is 'large' would be 

one result of the proposed paper. 

4.4 MARGINAL COSTS 

The requirement exists for knowing the marginal cost with respect 

to the current base system of one more battery of each particular type. 

When considering proposed alternatives. Increasing the present system 

by 1,2,.... batteries should be one of the proposals evaluated. The 

average marginal cost will vary with the number of additional batteries 

proposed, but should be considered In the light of potential future 

growth tendencies of force units requiring artillery support. Also, 

the average marginal costs of additional batteries will reflect the 

costs that might be Incurred In the event that a conflict results in 

ballooning of forces. Two cases will be discussed, when excess capacity 

exists capable of manning and supporting an additional battery, and when 

only partial or no excess capacity exists. 

If excess personnel, facilities, and other supporters available 

to handle tt"> additional Increment of artillery being considered, then 

only the ihitial   investment costs of the weapons and attendant special 

support equipment plus the operating and maintenance costs need be 

considered in the marginal cost of the battery. However, the excess 

capacity implies inefficient use of some of the affected resources, 

end that the actual operating and maintenance coats of the additional 
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battery will b« less than the average of the other batteries of the 

same type. In fact, In this Instance the additional operating and 

maintenance costs will consist only of the attrition cor.Cs and the 

consumables coats. Historically, this case seldom if ever exists. 

Manpower is always a problem, and excess facilities occur only during 

the logical planning for future expansion, and are not really 'excess' 

at all. 

Partial or no excess capacity is the more usual case whan con- 

sidering the marginal costs of one more battery. The same bass is 

usually capable of handling one more unit at the expense of a few 

more buildings and a few additional support personnel. The costs 

of the new buildings and the few extra support personnel would be 

directly attributable to the added artillery battalion, but the cost 

of the land on which the buildings were erected would not as long 

as they were erected on the base property. If two, three or more 

additional batteries were to be considered as an alternative, then 

their average marginal costs might well Involve the full cost matrix 

of Figure 4.1 less the RDT&E costs. 

4,5 TIME PHASING OF COSTS, COSTING SCHEMES AND DISCOUNTING 

A typical system that is built and Implemented from scratch might 

have an expenditure sequence that looks like Figure 4.2, For systems 

aa atable and long-lived at artillery, as contrasted with short-lived 

computer systems for example, the careful phasing and programming of 

the future costs are necessary to determine the true alternstlve costs 

when any discount rate greater than 0 1 i» considered, [2] Just what 

that discount rate r should be is the subject of considerable debate 

and is another research topic.  [25] 
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nyt-Y««r Sv«t«m Co«t.    the main «dvantag« of the ■Impliclty of 

thU method Is over-shadowed by the dangers of omitting seemingly minor 

costs such as build-up costs,   and the omission of time value and unequal 

lifetime considerations.     [2]    RDT&E costs are added to  initial invest- 

ment costs and the estimated costs of operation»  for five years.    It  Is 

asuali, assumed that operating costs do not vary over the five years. 

The hope is that the relative costs of the alternative» are not unduly 

influenced by the choice of the  five year base and the lack of careful 

time phasing of costs.     This method assumes no time value of money. 

Present Cost.    Using the present cost scheme,  cost stream» are 

diecounted to their equivalent present values, and the time horizon 

1» chosen as the  least  comnon multiple of the estimated  life times 

of the alternatives,    As mentioned previously,  the concepts of dis- 

counting and the selection of a proper discount rate are discussed In 

many source«.     [2, 25,   27]    A primary requirement  for the use of the 

present cost technique  1« the careful preparation or estimation of the 

yearly incidence of the costs related to the alternative.    Several dis- 

count  rates may be stated and  their results compared. 

Annual C^t.    Costing by thi. technique is  similar to the present 

cost method discussed above, except that  total system costs are trans- 

formed  to an equivalent  uniform annual amount by dividing  the total 

cost by  the number of operating years.    Least common multiple lifetimes 

are used, and if  the discount  rate 1» taken to be zero percent for a 

system whose life is  five years,  annual  cost would be very similar 

to the five year cost  »imply divided by five. 
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The  following' hypothetical ex«inpltf rompk^M «lt«rn«tlve  cost 

straams for two fictional alternativ« dafena« a,   .«ma, and la  taken 

from Appendix B of  [2],    Buildup coata are omitted for alnpllclty of 

presentation, and would normally be shown In the present coat and 

annual cost  techniques.    Alternative A Is represented by a cost pattern 

requiring an initial  Investment now of $1000 and recurring annual costs 

of $100.    The lifetime of A is ten years.    Alternative B is an existing 

system whose annual operating costs  are expected to increaae by a uni- 

form amount to extend its operational life.    In this comparison, 

alternative B is favored by «11 techniques except for present cost 

estimated at five percent over twenty yeara and annual cost at five 

percent for twenty years. 
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Alternative 

Non-Recurrlng (N)/Recurring (R) 

End-o£ Year 

0 

1 

2 

3 

4 

E •tlmatcd Operational Life, yean 

Total Syattm  Coat, Dollars 

1. Five Year Syitem Coat 

2. Present Coat 52, 10 yeara 

SZ, 20 yeara 

10Z, 10 yeara 

10Z, 20 yeara 

3. Annual Cost 5Z, 10 yeara 

5Z, 20 yeara 

10Z, 10 yeara 

10Z, 20 year« 

1000 

100 

100 

100 

100 

120 

140 

160 

180 

(Etc thru1 year 10) (Increasing 

by $20 per 

year) 

10 Indefinite 

1500 

1772 

2861 

1614 

2236 

230 

230 

263 

263 

800 

1560 

3646 

1196 

2130 

202 

278 

195 

250 

Figur« 4.3 ALTERNATIVE COST STREAMS SUMMARIZED 
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V COST-EFFECTIVENESS AND DECISION CRITERIA 

5.1 DISCUSSION 

In the problem «i developed by thle peper, effectlvenasi 1« held 

constant for all competing altematlvae and the coate vary according 

to deilgns »rd weapon characterlitlci.    An engag«"*«* h*« b««n d«fined 

by nuraber« and type« of  targets  and the level of caeualtlee has been 

fixed p«r 'igagement.    Through computer simulation« or through straight 

calcjUtlon« of projectile effect«, CEP effects and scenario effects, 

expected number« of rounds per engagement plus attrition costs will 

transform Into expected cost per casualty per engagement.    The next 

question Isi    How does one take the estimated non-engag«"»«* «yatem 

co«t and the expected coat per casualty value« for each •ystem alter- 

native and make a selection of a system to be used? 

5.2 THE CRITERIA 

From the chapter on effectiveness,  consider a plot of the coordinates 

of the objective function!    MlnlmUe  ( £, 1 )j over the alternatives 

j . 1,2 n.    Such * ! lot of 7 alternative« might reaemble Figure 5.1. 

One plot will be prepared for each scenario (1 - 1,2,3,4)  for a total 

of four plot«.   The   1 rxls correapond« to the non-«ng«|etnent system 

cost,  aud the C axlt represents the variable cost/catualty/engayemjnt 

In scenario 1.    The «ffidency frontier curve, Cj^,  Is «a defined In 

Chapter I. 

Simply statef!, the decision rule Inferred by the criteria above 

Ist    Select that ultsrf   tlve J* which Is feasible and which dominate» 

all other alternatives J.    In this particular acenarlo aystem D clearly 
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domlMt« «11 other iy.tOT«.    Doinliuinc« is  deflntd h«r« In ch« standard 

mannert 

lf YD1<^ YJ1    wher« J* " D and for all J  ^ D 

and If      CD1 ^ Cji 

then ■ystem j* - D dominates all other system« J ^ D In scenario i. 

Further, if system J* - C dominates all systems j + D over all 

scenarios i - 1,2,3,4 than system D is absolutely dominant ever the 

alternatives considered. 

"Jl 

"^v" 
\ ^1 

COST/CASUALTt vs NOK-ENGAGEMENT SYSTEM COST, SCENARIO 1 

Figure S.l 

Sew consider the case where D has not been determined for one reason or 

another.    For alternatives 1, 5 and 6 the «olloving conditions holdt 

Tli' Y51» Y6i ^Y2i. Y3i. Y41    «nd 

Cll» Si»  C6i <C2i» c3i» c41 

67 



•o that 4lt«ri»«tivM X, 5, and 6 dominate altarnaClVM 2, 3, and 4 

in scenario i.    However, the relation* between alternative»  1, 5, and 

6 are a« follow«) 

ril<CY61<V51 «id 

cll >C61 ^Csi 

and there is no dominance between these alternatives.     If conditions 

were such that a new alternative,  (15), could be generated by taking 

a linear combination of alternatives  1 and 5,  i.e.,  a naw mix could be 

generated consisting of 

»(Alternative 1)    +    (l-a)  (Alternative 5)    where 0Ca<l 

then alternative 6 would be dominated by (15) since 

a Yu + (1 - a) Y51<Y61      and 

a Cli + (1 - a) C51<^C61      or 

Y(15)l<Y6i and 

c(15)i<c6i 

If this new linear combination of alternative« 1 and 5 dominated »Iter- 

natlve 6 for all scenarios 1,  then alternative  (15) would be absolutely 

donimant end would be selected as the optimum alternative. 

Consider the «a«« where linear combinjtion« are infeaaible due 

to large research and development outlay« or other coating conaiderations 

which must be made for each alternative and which would result in some 

Y(15)l> Y61 for «y on« or •" i.    Re-plot Figure 5.1  for all scenarios 

and determine the set of alternatives for each scenario which dominate 

all other ulternative» in that scenario, but which do not dominate one 

another, almilar to alternativ.« 1, 5, and 6 In the above plot. 
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Suppose  the results were th». fclivingj 

Scenario SSE^tÜM Alternatives 

1 1,  5, and 0 

2 1 and 5 

3 5 and 6 

^ 6 

Their plots might resemble the  following Figure 5.2. 

Jl L.J3 

.6 

.5 

jl 'J2 

Figure 5.2 PLOT OF THREE DOMINATING ALTERNATIVES 

From the Office of the Secretary of Defense or other sources the likeli- 

hood of conflict in the various areas of the world would be obtained if 

possible so that a probability distribution for conflict in scenario i 

may be derived.  Then 

Pi » probability of conflict ir scenario 1 

C.Pi'" 1» and define 

X' " (Pl»P2»P3»P«)  «nd 

-J ■ «£' ^ i» I )j where ( C8 Jf)j is a four by two matrix 
consisting of the two column vectors £ and V 

corresponding to alternative J 
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V.     - the weighted «vertg« eett/cMu«lt7/«ig«gaiMnt and the 

weighted cvarag* non-eng«gement syitMi coat for 

alternative J,  In thla Inataaca  J  - 1,  5,  and 6 

-  ( C*. Y*),    - 

Plot these value» of (C*, Y*).  and the reaults may look  Ilka the 

following Figure 5.3. 

CASE A CASE B 

Figure 5.3    ALTERNATIVES IN WEIGHTED SCENARIOS 

If caa« B occurs,  then the  scenario-weighted values of alternative 5 

will ctuae that system to dominate 1 and 0.    However, If Case A 

occurs,  resort may be made to other decision conaideratlons such as 

the effectiveness criteria for mobility.    The Defense Department 

estimate of the expected numbers of engagements par year may be combined 

with the cost per casualty par engagamsnt criteria as another basis 

for alternative selection. 

70 



«-iWMBW-'^rtfVif 

5.3    SECONDARY OECISIOB CRITERIA 

•Itaniatlv« 1« donlnutt u defined In Mctlon 5.2, the expected mmbers 

of entagenenta per year nay >e utllixed to aelect an optimum alter- 

native.    From »action 5.2, pi la the probability of conflict In 

scenario 1, given that an engagement or conflict occura.    If it Is 

Indicated that E Is the expected total number of engagements per year, 

and that this expectation should hold for the next k years, k - 1,2,..., 

then 

El - PlE " expected number of engagements per year In acanarlo 1 

Ei CJ1 Kl ' «P'cted total variable cost per year In scenario 1 

for alternative J, in this example J - 1 and 5 

X. Ki cJi El "    total variable cost per year for alternative J - 1 

and 5 

- TVC. 

Depending on how far into the future the current expectation E may 

be projected, k ■ 1,2,......, and let 

TVCjk - k TVCj        and define 

YJk    " Y*J + TVCJk " w"18ht,d tot<1 «pected system cost for 

k years as differentiated from the non- 

engagement system cost Y 

If it happens that for some J - J* that 

YJ*Ojk        £or ■11 J ^ J* ■nd «H k 

then system J* is optimum by this method. 
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Mobility.    In the event that «ll Y,k «ra reetmebly tlote Iw value, 

nobility mey be used u the. dUetl«ltt«tl*4 fact« in MlMtlOg the 

optimal tyttem J*.    Since the altatnatlvM being con«ldet*tf «r* »eaelbla, 

they have net the nobility constraint« given In the effectlveneal 

chapter.    Now consider the following! 

tj ■<lP
, Tj - weighted average «oblltty tine, where P' le as 

defined In section 5.2 and T.  la as defined In 

Chapter III 

The decision criteria becomes I    select system j* such that 

tj*<tj     for all J !< J*,    J - 1 and 5 In this example. 
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VI    SUMMARY AND CONCLUSIONS 

6.1    SUMKAKY 

The artillery aystam It built around a mix of varying types and 

callberi of artillery weapon bacterial»    The mix is chosen so that 

adequate and continuous firepower can be brought to bear on all targets 

occurring withlc. and from the FEBA forward to some specified minimm- 

accaptable maxlmii* range.    Supporting the artillery batteries, and 

logically included in the artillery system for costing, are such items 

as «hipping, support equipment and vehicles, and support personnel. 

For example, ship-to-ehove transfer vahiclea and helicopter units make 

up some portion of the artillery system.    However, ouly that portion 

of the support effort spent on artillery is attributsHle for costing 

purposes, and is part of the Joint cost problem associated with most 

systems. 

A method for evaluating and comparing alternatives is 

MINIHIZEt    System Cost 

Subject tot    Constant effectiveness - fixed number of 

casualties per 

engagement 

Technological constrainta 

Budget constraints 

where the cost of the alternative is here defined as a vector of two 

components C and X which represent the variable cost per engagansnt snd 

the non-engagement system cost,   ( £* X )•    Effectiveness constraints 

are defined as the firepower required to achieve the specified number 

ot casualties in each scenario.    Achieving the required nusfcer of 
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casualties In a scenario results In cosfcat atttltlon on the ayatM and 

a number of expected expended rounds from which a variable cost per 

engagement la derived. 

The decision criteria are based on a study of the plot of variable 

cost per engagement versus the non-engagement aystem cost for mmch 

scenario.    Specifically, the decision criteria ist 

— Select that alternative J* such that X C, Y),» ^ < £» 1 )j 

for all J t j*, that Is, select J* such that Its coat vector 

absolutely dominates the cost vector of all f*aalbl« alternatives, 

— If no one alternative dominates, then Implement secondary decision 

criteria based on 

- probabilities of conflict in each scenario 

- probabilities of numbers of «ngageoents per yea» 

- evaluation of mobility vectors 

6.2    CONCLUSIONS 

The evolving complex artillery system of ehe future requirea a 

complete coat/effectiveness model for evaluating the entire artillery 

system under the operating environmental conditions It will likely 

operate in«    The method of minimizing expected variable coat per 

casualty and non-engagement system coat, while meeting minimum mobility 

and casualty  criteria and staying within budget limits, will select 

an optimum alternative artillery system.    Defining the scenarios in 

terms of average rainfall, temperature, and terrain slept provides 

standard environments  for comparing altamativati 

Determining detailed costing matrices for tha current artillery 

battcrlefc and aupport agencies is necessary for several reasons.    The 

matrices will reveal  Items cot .^on to all artillery systems and which 



•M not required f« eonparlng altanatlv« out«.    Co«tlng «utrieai 

will b« uiaful In developing mtrginal coats for eddttloael artillery 

units of the present typmt.    Finally, the matrices will have utility 

in preparing accurate, «ellable oost estimating relationships between 

raaaareh «nd development coats, investment costs, and weapon character- 

istics.    These ralatlonahlps will be necessary for developing future 

alternative systems. 

Should no alternative prove absolutely dominant in variable cost 

per casualty and noa-angagement system cost, the secondary decision 

crltsria presented which are based on mobility and/or fvture expected 

numbers of engagements will select an optimum system. 

75 



- ••'    '-   ■  ,!»* 

VII    AREAS OF CONSIDERATION FOR FURTHER RESEARCH 

In the process of davaloplng this ptpar, sevsr«! subjects hsv« 

presented themselves for further conslderetlon, the first being the 

Interaction of the artillery system with the naval gunfire support 

system and the close air support system.    What should the future 

artillery system look like in light of tactical air which Includes 

armed helicopters and the new OV-10,  intermediate domain weapons 

such as the proposed LFSW/LANCE weapons, LAW and MAWT    Included 

should be a sensitivity snalysis on the total weighted variable coat 

and average mobility tines T by varying the nunbers of «ngagemants 

per year and varying the probabilities of tha scenarios. 

Detailed costing matrices and the CER's discussed in Chapter IV 

require development In conjunction wi'tH^tbe evaluation of current 

experimental artillery prototypes.    A ccst-ef£«ctlvenesTir*t«4y of 

prototypes versus estimated characteristics and costs should be 

developed.    Does it always pay to build a prototype model? 

Finally,  the effects of the fire control system to Include the 

detection,  location, and Identification of targets should b« studied 

In relation to the artillery   system.    How accurate Is target detection 

and location?    How much does target  location error vary and how does 

it vary as a function of range from the observer and range from the 

gun position?    How does it vary from scenario to scenario?    To what 

range are targets profitably detected,  i.e.J at what range does the 

artillery system become saturated with targets?   What effects do the 

built-in time flays of the fire control system have on the expected 

number or rounds required to inflict the required numbers of casualties 

per engagement? 
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APPENDIX I 

EXPECTED ROUND REQUIREMENTS'  '*' 

This formulation is « standard derivation and la taken from 

source documents»  [16, 18] The assumptions are as follows) 

1< Taigets are circles with aim points at the center. 

2. The error In locating the center of the target will be 

distributed normally about the true center of the target 

with standard deviation (TL « target location error. 

3. The round Impact points are also distributed normally about 

the aim point with a standard deviation •D Independent 

of location error. 

4. The probability that a given round Impacts within a given 

small region of the target la small, 

5. Personnel comprising the target are randomly distributed 

throughout the target area At and the individual round mean 

area of effectiveness MAE is small compared to At. 

Utilizing these assuntptions, the actual Impact points are distributed 

normally about the target center with the standard deviation of each round 

CT V^   * +    OJT"*   " 0-85 CEP 

The rounds are considered nearly independent and the coverage Is nearly 

uniform.  From this the expected fraction of casualties is 

f - 1 - exp( - n MAE/At) 

n - number of rounds expected to fall in the target area 

n ■ N Pr   where 

N • total number of rounds fired 
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Pr « the probability that any round fired fallt Into the 

target area and It a function of the target radlut Rt 

and   tT" 

- 1 - exp( - 1/2  ( C/\)2 ) 

Substitute Pr and n Into f,  take the natural logarlthma and 

N - - At In  (1 - fd) where 

Pr MAE 

fd - fraction of casualties detlred 


